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Figure SA-B
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Figure 7A-B
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Figure 8A-B
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Figure 9
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Figure 10A-B

0y

e # 67T

o T

f )
@ v
3" ’
-3
aoe

4
oy
P i
: 5-
g o
5 2
¥

w

g3

ER 1 13 4

e 05 W s 28 28 4D g
TR feX 4 GG G

<Log1l Bpected Povalues Ty Thesksy



US 9,273,357 B2

Sheet 11 of 27

Mar. 1, 2016

U.S. Patent

J0EDOEDEDE
Baeveelq1366
Bojeaebiob
363635363
oobBepijyobe
eo3banbeny
Beoggoijeb
ebbereenndb
obreesboog
[afabolulatsiza:-Tote)
ajeeobeeron
DaerelERdbh
J33pnoedenes
aoel33beab
D33330eebh
Gejjeeeebe
eabenabeen
e3je3lenisb
Beerveveiby
peleseioned
oabbreneba
eoveobriee
oB33303e)
ebabrenoga
Jaeewdljeln
Jee3abieny
31623qFeq166e
J2eeoebbbe
0903336337
©3133063033
eeebeebens
Sbebebebee
veorRiDIJeRR
Jeele3aban
B3oj3jEqee

oobbBaobhy LrebHeaevere
e3ynendbbey jobebiinbkhy
BvBeO3De3oe 3066363063
oe38363636 3b6ejyjeasen
De35edonoe 9957713000230
3383330606 63w1633667
veabaejorve enpibiebeod
B353330907 wooworEll)
epa3babaee eevRR3niy3oD
banojbeebe eebbeeeebb
530635623336 woajeeeeaB
J1e10BDIDEIE DIEREIRIDD
33e33e3093 3303330003
Jeilejererl vebeeejlje
vejeeell3l 333e3333ed
oaorebiool 33eoozeoeb
beejbireey ebeebeljasn
ab3eebizes je3jeniony
evepeberveey Baesensebe
©5630333300 33363373206
BaBagbeeBb qoebeaoonk
2333ebebey ebebobabee
Jeobasebae ejobberban
BEDIlEDEI]R Jvenenbbie
eeeenfilolo 3n3333evebh
Jazejeee3b 36366renBH
ebjejeeedy 33ejelveds
3300b3e3eb 3o7Beaensh
ojoeeebbee Deianja©lln
aeefbBebies Baeaapsiaae
e3aao>erebb joobafebeb
elebeolees vileoebejen
eb3002363> Beeeeejebe
330beeelBbb BHaa3106eeH
3o06Beb3ooe o3ben303136
V11 4N0I1d

ebbaooiyyeb
Bozenbjyean
3003333 8be
B16aB36q03
DeDERDEDIIT
ebeebbbenh
®3333e3eeb
36ebyoeqen
eonoeeneerb
eBboreocbe
Beejenybee
36323006e,
erenbiiile
333333Be3e
o4666eobeh
enboraere]
Doogeallle
Baseoaryge
Hebaeeenie
3630302063
eBeeehB5he
Seqeaoiobe
ebejoseebe
3333e00033
B3beaeaony
Jebejebrae
vebiyanebiya
63330339303
eeRl3eRORD
nneloabebs
ebebesebeb
veojebeben
fefeJatelahek =t -Fo)
ejeobyeehsh
1bee3beder

BoB6663066
evesoebied
31333003633
33e3je3bje
aobeeenell
pbbeggeaoa
ao3eeeeshbb
3op3beajoe
BSeebb3onan
Baoebeereob
oo3bjoaasg
maeo3abebs
Jepbelbiaa
B3333edRRE
J03e3ed333
oBebbbenoe
eelobibeonb
33e33ed63%e
SHebabaaag
e3bB630930
obbeb36366
1033366bewn
33eoe3aenb
aebeanbijzo
1339323336
Je33jeebie
3136eenebeny
333063e3eB
Boogoeebed
obeenijeno
efibebebee
oBejebegee
obeobbenyy
33330BreDE
Doerobilel)

Je333b3eR)
soanoenle]
jeejl3oe3b
oBoaa636oa
J30ebbroagn
ebeooagoe]
ao3eoe0b3b
zaoRIRRIDR
oebebbeere
e3esbeaeoe
oeoegpbben
D33306bbeb
oeebeobene
o030p33b3e
o66303eebe
oerRljEDE]
eebeebberd
aob3eoneaen
oBa3begeess
aoebabbaoa
Bebyeogzoen
s3303bBeea3n
pebyrqbere
®333333030
obBeyegyoeen
Bejeriyobgn
eoye3bebbs
3033303077
aoeebbenhs
veojrenben
oBereereflb
oelbyeosbee
Bojowrabae
abeveonqel]
Boeqenobon

To%0Z9
T0%029
1PE0CO
182029
Tgeoey
191029
TOTOZ9
T¥ooZo
T866TO
TZ66TS
To861I9
TOoB6TO
IPLETS
189619
129619
T9S61S
TO0SET9
T¥$6T19
T8EETY
TZTEETO
192619
T0Z6TO
T%16TO
180619
1Z0619
T96B1S
T06BT9
T¥88T9
18L8T9
TCTLBTS
T99819
T098T9
I¥S8T9
18%819
TZ¥8TS



US 9,273,357 B2

Sheet 12 of 27

Mar. 1, 2016

U.S. Patent

3330338038
veRlRlRERR
eijeeevoberd
eaa3ooabyedb
333e233306
3eeejesbee
J3jeejebae
23362623063
folate) e Fotadlal-]
ebaobaenby
333063063
ebeebebing
wbelboeoon
333ebeberee
ebeebb61010
333073736b3a
rvebaecbbee
evesbbbbebb
aBeeranyab
Beevegjoebs
Bba3gbebann
16BeBaenbs
enb33onbiag
elreeorl130
J30reRe300
ebeeoerese
bejengyaeoe
ele336336a
Blej3eeann
33eobbewae
1B303e5303
Jenooreebh
Baeejjeebe
BIEJRRERID
ooel330ve]
peabiaabes

Banaeeaaor qeebesoodb
bebeeegonbe 533735670
Ba3Breeeer DEBjRREDER
eepByeeebe vipilleaben
enabbeeebe BBeenjnqed
Baaseojobe e3z3eaaqoe
Beeeebebbe waoebjoeige
qjeeebyabed woevjeebae)
veodpenbije BEjebiaben
oeale3l03boe Beoneobeolo
eeeeejbeed e6303773377
oebeaeebio owojz3zbizen
oeeenibi0ob eeebbiooao
ebeeebbiaa 3B3eBInaae
pejereerre ebBejijelben
aberyajzeos bBizabereao
e3beneebbb eerjoeebHeh
aoere3bbby eebjyebbebb
veelbooalo Bibeorvereb
a0BBena030 3033666027
ageBaoeory Babobeenore
®2333ee3eb 3833301530
'EOS33erae Doobijeiel
oejoebebi] neeabeniss
BDOREDJJEDOR ¥R]OTG308]
0663630730 veebebbaBB
ooel03238: ojeojeebeb
Bebyereoje 3371160007
©33e33e33E BERIRRIIDNED
eebieee3qe o33B333363
a3bepeoabe Byoajzioever
eoebSeyaen 3o0BebiaBBq
ebebyoqerb jooveeRRRED
e3eblel3noo enabve3abs
Beejeoelje eonalbinbb
eoeoevvebby wojeabeoee
g€]] H4NDIA

vebeeqqaby obBeooeror 1310330330 129229
ooeebyersy ebjelaboje eaezjeeeRR TOS5ZZY9
obbjenob3y BajjeBaeoe jeeoieedan Toszzo
v3jee3ole) 3bbijeeeoe j3eel3yoeba T¥EZZo
Jjee3abaBe 36663vjeb3 10335630330 1REZES
ee3303310e 20316ebeob vebHebeeny Treres
3136303e0e3 3633330006 B3jeoeiewd TozZeo
vo3b9eenby jeoej3ibiey Beobebesey Tozzes
ee33qleebe oeveloesbiy eooenlozee TyIzeo
33063032306 333336833 Beabieensib Te0ZEY
ooonjxjeebbe 33eeesnebe j3bioenben TZozzo
31633330083 3363037700 HBebeeoieeb 19619
aeb61ae330 vebbbioooe B610e116530 T0s1E29
eje3qebbye oBya303036 jebejeBbBee Tw¥gTZe
Baaobabayee 3Ber303333 eweijzjeoead TRLTZO
333eejejen Heejeoveee HSeievebeebe TZLIZ9
eoeobbieee Giyeeebebeb eejbbioevws T991Z9
vE]0b73203 o3ebiyjooeb jewobobebe T09TZ9
303e363336 Baojeeniny Biee3naobb 1H$1ZO
cupbeebeno BSejnobiaje 3b3ebensbe 1gy1z9
23e3000030 dejejeebbe oeiybijenyy TZVIZS
2333235333 eoen35303 23303331308 TOETEZY
veeD301b3e 3ojeeres3yb 16DvROs3gRER TOELES
33300303 Bebijeonob jeeeeveeee TH2I1Z9
3oe0a3iesy oelbbijene 310633vEED TRITEZS
333b6eBawes of3a30enao oe3jevelobs Tzitzo
3363330ren Sevibeeeby 3beeebesbe 1T90Tz9
ejjeeraldes 53e33e0303 J0ebeibel]l T00TZ9
BebereeBBa o3a3eejere wvyloj0Bere 1H60Z9
el3REjReReD DoevIRveive] eoebbleosee IRGOZ9
Jeseilanelo bebiieybbt BBeeobelas 1zg0zo
J033ebhaen eeoeejjeby ebajoeebbe Torpze
jeeedeeorb vl3D1e00BE wD3EJEREER 104079
ebibereoge ojeijnaeery 330b630eED TEO0ZO
3ab3303vey we3b6300033 JEDIEROZED TRS0ZS
veobbbervre Bebbiyebely 3303w30643 1zS0Zo



US 9,273,357 B2

Sheet 13 of 27

Mar. 1, 2016

U.S. Patent

oga3e3b3eqe
veonbelnab
arebBeriaae
e3333e0h3e
e01133733%%e
BEB46eoobe
vrebewq3q1
joedelEDRE
ae3eeno3ba
33309333e3
ERREJREJED
ebeeRIOR]]
3enijaewee
®?eerel3313563
enjeeljone
Beoenjoebs
1b3566qeeb
PeDeDd3b363
3323730 €eRDd
33333ebe0b
elebeiroqb
aoeaBbeban
3333ee30eb
333e3eD]0R
»RAILeD]0D
e3vbanjeee
baBejoonoed
ea63oe308D
eayerol1b3el
o) i tolato)-Jata
eebaielends
BBoo3ona3ea
abeebeeees
panjeejele
ao0a3bejere
Bbe3biaage

oobBno33765 woalrvjbebey
D337330oeebe eveeebeeoen
vebbbyeqio ebiageneaen
e333o0eebire Beojjaizeoe
Jeeoendyba eveebbeaebhn
obaenbiobh Bab3iboobe
eB3eRle33n] brejeeejer
Jeoenenobst eianabisee
BBebepieey 3onejeeoeh
2303306300 3630330306
eojesgsele eopbileaans
ajereDERElR Dobijewone
oaaebreije bBebiyebebae
a33eee3b6e] el0bieane
Jeeeenbieos 533e3163070
J13eoennbby wabbeqeees
Jjeejeseler sebejeonqe
03B663e3e30 Hebibiyjaab
Seo3bbbern vebeaqziog
31e03b333e3 eabajeeaan
aAbeaeaaqbe vabeaabeoe
231533336®3 3063330637
33e3336360 eoj3aqebag
o303Byerey BBaBgeeaab
'RIRON103] 30333336beD
e333380e]Y Jesebeeeed
eaqeseelbe oebereogner
1633%00306 eovRlnbBa1n
B3o3363eve wiypEjEERD]D
wleeoeeELR J23ULEI3])
e3e3333ees 3bescolelon
23733E03e03 JvDIZODOAR
Jaeesen3ob Heeobjeeeb
eed33zajer 1b66oe333qe
ebeabioeay eveioonbiaa
23003636 33b6v6eaaan
1T HANOHIA

eejaDEO3ES
B1033333ee
3eERDIIJER
3333e30bey
DeeR3BIROD
®¥eD33e0Ed]
eleerelObR
eeebeebbig
adee3RIOoR]
JeeedII1]]
eeele0bb530
ebbywoereed
obejeizlaze
330333363
obebeyyyohb
edejjieqe]
nbeeebabig
iL3333e]eE
33036803e]
Jjeerajzaoeb
33e33o3ele
366336venn
Bebyybebye
3333ejere]
Bejefbealas
eoebiobaab
eeb3303330
Jeenjeleld
2313332%e)1]
e3bybyerey
33e3ebeosqe
Bbeanoeady
JEEDRER3I3]
vRROYYORE]
vREIDEDIR]
Beaoofbee)

B3333e36qe
Bajeoevene]
eeioeabiee
2333338eRE
byjoeeebhH
BEBB1BABIn
Bbaebayobeae
eneonbbbio
oebijzanen
B3n3eabian
300360337
20003373333
333beebizg
Jeonbiyeeee
eoonoeesed
DEEREIREDD
e332663e30
eabeoeresd
S3erveniyae]
33beo3ogesn
ervrlelle]
aneebyning
3o03eebi0n
3a36eepany
aobajereni
eejebenihy
eabaybbeeer
Jebeaejeqe
oB6333eb3en
Bababaenby
ereoeeelby
133ebBereen
oeejeere3b
eleesel1bBo0
aenbbeebeb
»ab5eeabae

233332338l
J3e3enebie
eeelbreby
v530333637
Bagbaenenn
aJeebibojeb
Byeejneree
50330662313
aobzqeobelb
23e33323303
Je3njooore
33e6333233
ooe3363363
133ebejelos
3333®je]on
aabeb3zonb
3Fleenioead
Beeeresbon
Baegaqeabs
jejeerenqle
3933330306
e333033336
33ed3333e]
evejbbeobee
A33ej3wde]
paboreeebe
aoenbyeee)
opbebiegee
Jeabaabaer
j3e3ejeije
IeDeDRIRRE
eibebeqealb
vij33oeeDbe
2105933066
1332636353
slzacilamtolotel ot

T8LPCO
TCL%CO
199%¢9
T09%29
T%Sveo
i8%¥%eo
1evveo
T9E¥EC9
TOEFTO
T¥Zves
T8T¥ZS
TZT¥eo
T20¥%<CS
T0O0¥EC9
TP6ETO
T88EZ3
TZBEZY
TOLETS
ToLEES
T¥9€ZS
185¢€E9
TCSEES
TavCeS
T0yECS
Tveees
T8Z¢CS
IRAANA
T91ETS
TOLEES
T%0¢e29
T862ZZ9
1262¢9
T98EZ9
T08ZE9
TvLEZZO
T852¢S



US 9,273,357 B2

Sheet 14 of 27

Mar. 1, 2016

U.S. Patent

oeebeebied
eo3y03abiyano
oejo0bbeesy
bejeaoobie
eveobbjener
Bbehebbiao
Seeaiieion
eveeeRRl1b
DDR3EDIIDD
eobijerion
Jeebaaabbe
3a3abejeedby
[slelatect-TetaR:te}
¥3b333e3e]
336eveenjee
Jjee3enijel]
3Ied333w3e]
obenanageo
e3B63a333ee
16633363 ¢ee

3333203680

BabBenjwenb
33eer0len)
33e3nbabae
Jeab3eqeny
spetelol=letolnd -tal
Beoegbejge
ejeqeebeny
3333ee3oe]
eraeilieesb
B330BDEEDE
evenbbieonn]
ebeesereerr
BBEbebabbyn
Jej3njbeeje
333633336

3ebieojebs eabjeoapeae
ebeeoeered PROBERBINDG
obeebeiebb v63313631e6
ob1bb3b6ye obhSennbean
obB8665300be oovbebH33356
eobeooooer 3B300bRERDY
BRIEII1OeR eRIlOLhebLe
BODIREEODE 1333B373ED
eeRERjEllRE ©ES33371302
2333335033 eveaeeb5333
2356333333 obeejbejqe
Baanejeaae BBoojaneare
oB3oaaenie ebeixbSbeeqs
eeljelbize 3333ees0b3
33oeebyaby ebHeabibbea
o2333v330eb 333003w363
3323eee333 3ebiooenny
Jzeejijele ehogeeolln
oeeebieies BO1D3¥AD1D
eenbiinioe poozeabaeo
BB30qee3q3 anaoBBeean
eebbesnjee pooezlabby
DI123e03BAY 3333evebeb
Jeeoenedie oebjeeronb
vaRlelegae opoBRiRIRERD
vED3R3RI13 B3B303333)
Beevennoeys a3oniaaedo
Jeeebiob3y e3beereogy
ejesbieere vlea636633
J3e0bbo330 jaejeERlER
seBBebiesn jeooaerale
jegioljeeed vOoD33el0b
obBeebeenb baooevdaeoe
beobbeseie bajpbebres
eeebeeejwy 23ve3b3630
jejej3e33b 33333e38e)
Al D14

e33b33%eeb
eooloel3bio
bebbbybbeb
eERRERRBREEDR]
ebbbnaoeeb
oeBqbB16q6
oao31b3eoe
Biebfebeebb
DaeRRRRRER]
rve3jlbereqe
erejeRiIle]
JeereRr3nbhy
D3333elee]
333203333
33ee333337
eebbiy3y0bb
Jajepaejee
363380000
53333008,
oBanonbayob
3eo36B6533e
Desejsjeln
335e000333
2ojejebier
eaenbgenhbsy
Bayebenoian
oejereRlR]y
Bajeejjeso
anensyebije
eByeoevoeen
oebjobroen
BREDERID]]
beebeobbjye
oabeeebbie
ebeorobeas

1032066300

eoRRRORERD
enpedEIIEh
J0BeebBb33
rveREREDRYD
aaob33eben
BoooBBaaG6
Benabeooao
BB333385e3y
Jepbejeee]
a33306Beeen
332336en3ed
2oD3eqelEd
3333ee]3ed]
Ja3ejebije;
eageebiean
aeeessbbyn
JeerRRIZED
33eeb3031]
336306363
v336638073
33bB33arde
Byrreeenbe
43eoo3333e
)cletel=Tetaa} -ta}
BoEERRDERIDD
Baene33bie
evobjejeeee
JeeEEEl33]
P303333%eqe
£33336ve36
ebbeBienya
33003306eb
pee3ED3b3E
BFefB3naae
veROERIRID
333363ve3y

rEREERRRRER
eeonbeeibe
oe3nbeonol
poabB3300ee
Bbeobheeon
eea3biagee
el3ejoqeRe]
o3ejoerbred
333eeoRERER
eepajeRd3]E
bB3joneaae
je33b6333%
eabyaeesge
oeeeb333127
eoobaezeh6
3333e0q3ee
366eoogaan
naelobende
ed33033eby
Bao0330003
33e3EDRDOR
Bageennnyy
yeebabeonin
oegezeabab
Lleichbo bt hia ey
e3ld3e3Vel]
33breieDE]
'EQJJeD33R
33ejjageee
363ee30333
BlD3RELIRD
eBebeoobeb
3363303800
eoroaobeae
BB36326332
obasjenese]

TP6929
1889¢9
1Zgoee
19L9¢2
T0LOES
TP9229
T8s9¢co
TTS9CO
T2%9C9
TO¥9C9
T¥E2ECD
TBEZ9ZO
1eeoees
T9T9EZS
T019€9
T¥09e€8
186529
1€8529
198529
108529
TPLSEO
189829
1Z9s29
195529
T0S529
184494
T8ESTO
1zeses
1929¢9
T0ggsen
TPLSTS
T80S5C9
TZOSZ9
T96%€9
T06%29
TP87C9



US 9,273,357 B2

Sheet 15 of 27

Mar. 1, 2016

U.S. Patent

eabebebase
Jejaoeseen
333e30vebb
oeeebesven
ebhpbbbenoe
eeeebeeebe
A1JEeBRIRIERE
oo3abennha
qe3b6ejebBa
ebazeesede
edjosbejoeb
sejo0b6536)
233e3beeby
3jeao3enbie
Bbabbaeese
ebeanabeb)
1003 306bee
Je3333e036
JeeereERbR
a5ab3ebjoe
033833870
esabenboen
Beboeebebe
'redIl3e]]
ebebeerere
eenerbeebe
35e3333¢e€e
eoevereedel
Baeevebbyge
erelvElReR
ef33enieen
203333ejee
2133veabaas
nB33benqyee
33eelebiab
eeb536338bb

Jeoeo116bb orevbeojeb
3330BERRRIY jelesreednd
Jeooebeieb eoejbebebh)
BEbeonseab 3eresew3zzo
a3beeobeoe veebeqoaan
¥B1007333e] 3djjeerejje
JI3eqedeel] 3eisbeijeen
230Besesie abebeobeee
1003636538% onaonaebaed
BaeoebB83nn jenbBenesbs
rrEbjRRER] 3300RRORE]
eob3b3baen 6536356353
oredoo3b3y weeeejbore
BEBBeqeoesb evEeaDaDed
beozojjeee 3333338203
BBaybenbBBE vanababebhs
baoojabebe 3beessnijon
eeejelelby q1303b6eeedd
Jeeejejjee ojwebaeabsy
o3b63e336ee 35eBeeebed
ejbeooojee oebianbean
3330eveoe3b eeRb3je3boe
33e3e33363 eeebabeein
Beeognybeb ebbebEBen
byeeeejobs B63Ba33a3Bae
beoebbeeqy BeoeebyBan
eoabjjjzeee evH633BeORIB
f33eeseqee e6330eBeERD
33e3jebejo; 3333ejeBae
SeepzereRe RRBIRED396
oejelobeny ooobeaiznnn
Bbebygoeer vaeO3BaED
eRlEEDjERe 3B31Beenbe
Jeeeeejbee eoerjBeqbare
33b6eq0ebye on30Ba3330
J3eedleeed jebieebiob
AT 2NOIA

jebeareerl)
1byeeEREDRR
ebbeijjebs
e333ED1ebe
oebeo3byan
jabeldali=icloteled 2 ta]
3003308336
36e33en3en
e3eo3reoqs
eobeorvebey
oe3333e33b
oBBBbRaGae]
3Beoooenesn
eoweonedhbs
rves33obies
eoepbrelon
e13363ewab
3633e00bae
eeabebbibe
eeeeabjeee
©313333ed0e
30633eRER]
opbjoonbese
Beeveeeoroe
BabBbaehbe
aoobeebere
Beeeebijer
30036333 ¢ee
nBabnejeee
B6qq0%veebe
33303330356
a300pBaeen
B1e3B6eqas
eej3a3bee]ao
Je33edbean
31383ena5e)

eoa3ea6667
Bbajeoeobe
eebaynedjee
1BbBeqbbes
oaberelere
eeenabyren
Jebzebenba
3310E']3RD1]
jeeeeebeeb
13330e03e]
3033336636
bebbbabane
5333b3oenn
Blobybeens
veEeRREORIE
Joo0b3nooge
pBebbaaayaee
vebiejyzene
sbaejeeare
eebiljoeas
dejoo33301
Berebbiabbt
eenbebbbhh
Jeeljeeereba
ge3300eb3e
JereRREI0D
333eeaebbre
jeeebeegjer
o3eobebago
£33enee3en
eolaebaaohb
13336ebeqe
a3eebbeeae
33B8v3e3eod
BREED®RIID
ebaabearent

33e3beebab
3e03330336
ebbabojoen
vleaesjeen
eaobesbies
eeebSejeeed
eBeeejeoss
o333erbean
reqobqnben
Baeegeoebe
Jedb3n3zan
a13630n306%e]
Bbhebejreen
BaoBerbHan
eebi3japqe
Bebyoabanhb
JeRERIDDIqE
3oB3nj3yeee
abeeeeybob
3b6ee3qqveh
Beobbyojee
333e3eeebb
Boe3nebbBS
bervjajqeoe
Beeejeoeba
rEjRIEIRR
o3063e3eaa
eebrbebbeh
J3ejeeedeR
3936090030
o3oB3roRD]
ab3eebeeyn
ejoobiloeen
bbeawoyebe
3bbornobye
313630eb307q

101629
%0629
186829
TZ68eH
T988T9
108829
T¥LB8E9
1898¢2
TZO98EZ9
T958Z9
T058z29
T¥¥BZO
18€8BCS
RARFA)
T9Z8ZS
T0E2829
TyI8ES
T808ZS
TZ08EZ9
TS6LES
T06LZS
TP8LES
T8LLES
TTLLES
T99LE9
T09LES
1vSLES
iB¥LEo
1eyLTO
T2€LTO
TOELES
TveLes
T8TLES
TZTLEZS
t90Leo
T00LZ9



US 9,273,357 B2

Sheet 16 of 27

Mar. 1, 2016

U.S. Patent

J3enebbiby
33033563630
vabayeejenn
Jeo3bizene
33'e3908esn
Bayoeaebbee
3oebeseian
ejeenboyab
3p33Bejoen
BBaebbaeeb
ehejebbybb6
aseoeeebebb
eeljeijjee
a03es0bjeb
aeoe303bB3e
eo3j3eiabee
ooopeeSepn
Jeelnbibeea
vebebenhje
Doen300300
D333'3RIDD
3300061636
Jejbbervabe
Beobheabaa
eoeeddelben
o330b6beene
eRlRlOqbER
ereebenaban
Borveeaseeb
v3beeoeqere
33366enjee
Boeaeibaen
bbebbexbab
33663eoaeb
e33ebeqyoba
33053338633

a53333eoree ebebebenby
eroerebi0b enjyeae3nab
1b63e330303 33eeeebbe)
eejjenjely 33beeszbinn
oeweojeeed 30703303E0
oebe)abant 16bepny30B
oenel3brey wejebijgen
eBaRlEeoD33e 33136ebebay
evhyeoebBf53 sojejebeje
Jebbaeb606 qeb6Benbae
Byeebeqgeby ebejeeereb
Jjereeebele Hienenidel
Jebebennia jeeleebEHy
33e0033330 obbebHbi3g
Je3j3oeebes oeqeeeeeeh
aI0B3360730 Baeeeperdy
o00030¥103 33ebebibew
eofynjoonbe jeajenjeen
jeeabybeba 35ebesinen
Beeepbbean 3338063336
163236790666 w33ebaenie
J33enebies BrejesbBES
vebebeelny eoevebibbin
ebenbeozeb jbeveeobeb)
133336ebbe eeeaneeeed
ebreqrebbe Bejbebbbed
eobabaeath weajbeorves
jovbeejeen 0030003336
beaebBereod wiygobeeber
epeperieby eveeerpa3aal2
J3ebboeaby BobGaeybab
®lejedoele] BowjlejoERRR
bBejaeeooe eojbbejean
bejgaeeoby pabaeaobab
33o0e63333® BB3030w30)
333e32e3eb veeeDavRER]
d11 TINDIA

ojeoeazben
333ebeobay
JjredORRERR
o356333eRRe]
Baboeberesy
eeovDrbeRE]
eERlERE]D]
Ae33eq333e
eqbbejejee
BBaebbeebi
ejebeiebey
e3abBeo3ed
33°233e333%%e
oe3j3erebie
eelDazebeb
[Shtel=iotatatel =t
ebybbenoon
Bewejeojes
baoaabeese
Doaabebeln
eqaoed3e3b
A0eoRRINIAD
Beobiyobiby
Daobybbber
21333663300
Babaoeoqgoe
abbjeaonjen
B3yeeDeRbEe
Beeqopbioe
ebeaybebey
3336363636
eebbheeebe
3115eb33066
Bejooeranaa
Jej3jeeled
Baeeeoginqe

BBagreenans
Bes3azaons
13b636366eb
sejerjobie
aeerebebin
aejeeedb5a
353333303
ejeabeneld
Bepebenebe
BebBaebbae
ebeaebejob
313breDRERE
vRER]}I3IYED
B363eq30333
elebayebern
3e0a03B636e
varebynges
bESaane3ae
5333000626
D300 eDB
Beebeoennb
nbabbesoen
enoen31eId
BBenbbenab
eBaooaneen
a3beebbebs
33b3=aeReio
33336300017
In33330"ER
13befb3essy
aedijiare]
BebBaeeaab
ebyrobejqe
Je3abeadoe
BBa3epabie
oeabelbeehbs

Bafesboben
aee3n3leib
bee3beosaby
BaeeveebBhe
33366ver0e
Jeob3onige
36bonq0333
¥eDDD3330]
oab563666qe
ebywebHieby
e3RRIRDRIE
abrenegeny
ebbegoebey
3233033366
Beeegeener
3boBaveber
aee3op3bey
Jeb63323363
Jeboojeiee
Baeneeeiae
3033bBeoeen
o6beory3aa
01663333166
1665336368
bhebbebeoe
ebeeeqbend
J3eejeREDR
233333edey
33300b3eeE
eebeeejanb
eaeibaeaey
EqBeebbben
533536h7eE
ebebeayoiab
abesynbade
Baerenjoly

ToEgLE9
T0gLES
T¥1TES
T80TES
120T€ES
T960€E9
T060€2
1v80€9
T8L0ES
TCLOES
T99G¢ES
T090¢€S
T#50€9
T8Y0E9
TZP0ES
T980€9
TOE0ES
TVC0ED
T8TOES
TZT0E9
1800¢€9
10002
196629
188629
128629
TaLecs
TOLEZS
Tv9629
185629
125629
T9%6CS
10%v629
TbE6E
T8Z6E2
TCceees
191629



US 9,273,357 B2

Sheet 17 of 27

Mar. 1, 2016

U.S. Patent

ao3beebiee ooppabebbe 33o3weebSer HSejjeresqy oejebebeje eeebGelabe
ejebybeoro oebioee666 v3130300333 H3eByjoevnb jejeibjeee oayee33eeb)
333303B83e3 eoeajelfay eabieijeey 0653e33630 eawanoelel 310393271067
eljeendoeve obe3a3bile BeeoBeeoey 3opoobieje sBijobieee 33eee3oelb
Jejen3nibe joejajeee] jooei3abbes qoboviesby Baibabeiob eareDH63Re]n
Jeb33obiyeo oeijeenbel eoiiyaoeny oBdajeesbe an333ebeby ebejeebebe
bB3pB30033 eanqesabeb jeajoeeeie evihelbBbee Beepooesah 33a3bbroege
eeddjooelb jejeesizzy ebeeejeben oHSevennnyy oebiabiensB £5373330033
Bejejeiebb bedjebBeby s5eejenb6e ehHebreibib jebBeqiees 30BRR31OD]
bbbGakeeet v3bbeynbby HEeipobeny jaeeebbSen: vebjyoerern 166B3enBae
Bb36Baeqre bebeebbeed Hejaeezqen HbB36373ebe BazBioeore B3neberean
Jenedlbebe oyjeanbbeb jeqen3nBab abjeeesese elejedeje] woebjyoebee
'EODEEIIZE Jjejebeie] 3eo03noeby obeeebioBi eiejesoibi DBIljedRoR]
eoeioeljebb jebijeBiee BiebioveSs eosBSBaeceie 313ejellaba beebBereni)
Jejijeeedy ejeqeoBieb ebjojjgore jojvejeere 0030RDED]R aebi3olaebe
230eilerE3D 3673Rvoe]eB] Boel363637 36eeosianb jeijesnjeee eepbadegRe
ogeed333ze abeeznaoie 36330356370 3e3333066E vEleboo3]3 De33o3aven
Jreree]je] v163163ee0 eR3e0B3N3Y jeodeebe]] eoEDElRERDD ee]1033660
eeel3033e3 Jbeberedie 333300evel wbBeebSebiie 30330¥ERR] 3DorelIrRlR
eb630336667 joeeniesse evaobeeojyee eebSebeieob ©333131033 33v313066)
303063633 oveberere) 163evioaeny poibe33eSb efeeebeeos 33veenbree
Byoerveebeb aobeeoeres eyfSeqweebe Bbebyoeeje oeobiaeniya jeeseabees
BOEPR330ED] B3Re3333000 316330e368 3666ejjere oeiljljejee jeobieaiab
Joeneolbob Bajbeniyabe jeweoceaeontb HeebBejpoe B30H3730390 gedreerelHesd
eobeojeole jeioveeveS eoeBieeebe BajoenBany weebinioeH pobBenjyabae
4eed30'lI3R BITEDEQ]D] vIdJjEOORR vojelebiob eeejebesie obHBijlebie
Baneeejend jojejbeevee gaqjeebebae ooybbabjeb 333v30vebe jeERRgRB]D
eebboerent eobE36003> e3bjereenb 36Benjeeby ebeeosBaan eobjyehinio
ebezoezben wela33ebie ojoejbeery vol06B356e Ioeoj3eo3esy pbBjananoe
beegenbBes B65ebijeiw evrejojeniyy jeeebSBebe Baanbaybebs 16306736307
3be3Beqoje B666336voen vabieobeen ooBebbBeoeo ao30beeensy 3oabBieveqe
B33I0017933e e6eddB3633 36es33b33e Serobbiebe eeeBBaenyn aoo0e3333®83
oBBeoenbbe jo0e0333B® 3Baq3ebI0g eooelR313e Beilelnbie BbBeoobeBio
abe333e333 5366233033 obB6363eoel 106633we0D jeEelbenin eBjeebreje
qeH53307e30 dee3le3l3033 3BresbBieab Besiyjolaw) vegaeoerioe enbbbejeab
Jeeebeebio 3373ew0733 orelzbieoe pBeeooBere eawesiDiOR 233832333073
D11 TdNOIA

TCPEES
T9€EES
Tocees
T%ZEES
T8TECS
TZTIELS
T90tED
TOO0EES
Tvecco
T88Z€9
134:14%:]
ToLZED
TOLZES
TPoCed
t8GCES
TCTSZES
tovees
T0%ZES
Tvyeces
T8TCTES
Tzzees
TO9TZE?
T0TCES
T¥0Ze2
TBE6TES
TZ6TES
T981¢9
1081¢e9
TPLTIED
189TE9
TZ9TES
T9STEY
TOSTEO
Ty¥ie9
T8ETES
12ETEY



US 9,273,357 B2

Sheet 18 of 27

Mar. 1, 2016

U.S. Patent

bleeobeoeb
erebilnoiqe
ooaewveeREl]
ebeeejjeer
ebeberiela
rvebanejeeb
Bajaegeoen
veR30031633
e3b63300370
B33eeb3333
abeeqabyag
veseRbeIjRe)
ao3eeeleb)
a3eeeeonbe
Jjel3o03ed3]
333es03630
H3e3306330
316300033563
Jjo33oreERe
330®933223
aeeajjoore
q00316Bebbe
eEDRIBEEID
1bjereoebe
BeoBebeeeny
aejeebionn
Ba61ebbbbh
Babebenynb
33Boee3030
obbeniygaen
1b3beGeqee
Bbeobaeeby
ooepojbeee
Beaoobioan
oeonbearod
33380333563

aeeBeebBay ooebbiosba
evjjeeljerl bayepjejjer
3e165ees3o Jeveljelaln
eb333e3635 jevibieevere
Baejeaeeee ebenoiigel
Bayebabiaen reonbennib
BevbH66beny 1635663307
Jeaepebbee BE6Hes116n
Jjebeiobeny eeebinieed
BODDOD3Y aoBi3ejeobe
®E33303303 03303036236
q3eeojaebe oezelobalBESs
0303230836 q00073ER3ED]
Benbejooas abbijenben
Jjeeneneeln HH3n3yab3ee
oaef333e0n weodojzbbaee
ooeozeedby oea1bioanh
erebbesoeb bBaebebyina
ebbaopjeobs najeeabove
oeoabiygaee HhHrengesxbe
Ble312eB03] 3vDeRRl3eb
obeojeeorb enebineoin
333330363e 0330033708
o0303e3bo0 dBjyeabeorr
333e0e6333 vlo03363070
Byeooazayasy 6666963097
ejeoelobee eeebiyjoven
ebjegbeebe jeniehioen
3333363602 vee3azo6bb
JebBeaeebee oebajejaan
BHe33330630 eooDa166BE
B33enq3beren abiaenioab
e3igeeeeeb eelejoobee
obeepeenbe Deobererbs
13953353e353 jEERR33ell]
obeeeebivs naeababion
HIT N0

3b3ovagaene
jej3erenby
veel3335633
refeonijae
57179666963
Eojeoeojes
ooejjoreeR
sebiaeajor
sbeba3aaes
Beeeajeooq
eveljobije
33330€e333e
Q0033330800
e33bjjeee;
ebebyebien
Bengreeeyba
enbbeenben
na33330abes
vbervoberbe
ooeebiojen
Beeeeneieh
ebbebybebe
e3313ebeeen
3bonyeeSee
3323333536
33363e03eD
obBaeennin
3336eoorves
B33an0bhag
®3}333033790
BBaoeoaeaa
Jo3ejelebe
o0b39300weE
ajeErEORED
333330weed
aB33eeeben

ebeeogeebe
abBeernaag
oeereerberb
ab3aebbaba
JleereRDORe
aee3303066
Byepn3zeaave
a13oveeeben
Bejowvebeyq
ejeebibend
ajejenione
50307300000
33oonberveb
eeebieeeel
eobbenabba
enoojbeoet
ayebeerqa
330Bea3Bqes
eeebeeeder
eyoeajees
35300e33e]
eo3bigeees
aAnbbabyaed
J30393beey
B335333330
pebeebaoes
31563b63¢enon
eS3er3bban
103e0DD3RE
DdDjeeeERRR
210883000
3235335330
eneenbered
rveberbbHe
Beojiaeore
a33b66ere]s

obe3333363
eeberebiong
BbBe3an03a
eoeeeborae
bebbeeeabe
voferelnns
13531066806
3333330833
eojbeerean
3djeejeeny
J3eRRlDR1]
33393923033
bebberobae
eaonabaoee
voEDERIIE]D
vabjeyybee
azebiojane
Beeeeobjee
aeajeelban
oa1e30b3ban
eebBybeayas
ooeeenjyabe
Bygzereneal
Beeejjabee
Baeoeielab
Jeer3nbebe
Jee3peD3DEe
baebaabban
3e66210563373
EEPERERIDOT
erelel33eb
32333023335
eeoderRRR]
aobenoobes
enHa333e00
jeBaqbenbe

T855¢€9
1Z55¢9
19%5¢€8
T0¥S€ES
IPESES
1825¢8
TTESES
18T5¢€9
TOTSE9
T¥0GEY
TI86¥%€2
TZ6VES
T98VE9
T08%ES
TPLYED
T89Vv€9
TZ9vED
To4g%¢€9
TOSHES
Ty¥¥ES
T8EVEQ
TTEVED
T9ZveES
T0T%ES
IvIP€E9
T80%ES
TZ0PED
T96€ES
TO6EES
T¥8EECS
TGLEED
TZLEED
T99¢£€9
TOSEES
I¥SEES
T8PEES



US 9,273,357 B2

Sheet 19 of 27

Mar. 1, 2016

U.S. Patent

a3oejoreRwR
e3eelll3ge
gaa0berree
523333e036
eebeernjeb
©3313833333
1b6oe0e3033
Byegorveaed
33e30806vy
3338330063
jjerjigee]
e3003b631b633
Beereiobey
Jee]33333%e
a1Be3qeqeer
abeepyeERy
bazobbanae
ebeobbl663
ebrebbiela
e3velElEeall
3oo3b3eege
Jyepbbennna
eob3b161be
JeeereEblnd
oeweebuobh
abaeobBjeny
eebeejeebb
3330363000
JeBeooviby
o33ena3bbee
ao3eorenl)
BBaj3aebeon
eeeeebhbbe
eyeebelgbe
oRED31RDID
1030b33vee

3333eeeade 6300333335
eoeeeebeby rvevejlliae
obeeoperere jejibeeeew
3333e3eele e3beeejo)s
eeeelpabee j3a3ejedE]0OD
epeepelel] vobebijaae
1eeN311713103 3eoerinbie
el1ebexber reejeijiow
Baaenere3e 33bBjeeqaso
eaeeenbbelb 3nabiejeba
Booeabaeee Dojeobiyeoe
3I233eeJ33E BlEOIL]OR]
13eb3e3333 HSebbeeebbi
aeBeeabeeb je3ecbejje
eoeBeeebye 33156303303
Befeapoery a3veleRleRl]
1B33©03338 10310BRDIED
abeeneDED] wilERlORITE
aeabaeveseb HSeoevejejee
eeobbebien 3333vo0baoa
ebB3a3063e 1033036w6B
eveeebeaoqg ooeeb3ybaan
eqqoebeabe o3ei3abéebn
Jo3ooreREEd 0010313063e
ebbbienlbb Gebebeiyang
ojeean]oes Hbaeojzebe
vea33a3e3be ojeeenjere
aBejeabyey areeejejbeo
ealoeoonERbL REERERRI]ZED
wepnna363eb viyjobovbee
a3e33eo0Be pDooorvebe])
obebb3aaey eeelabieba
obeonaaoie abarvebByen
D33®3e1033 eodbiloeosbhb
©301003238D 33vdibeben
a3B83eeeelby owdvElI0ID
I aNOId

ebeery3330
33eeblaoby
aoeeveelbly
o333be3eed
orEERRD3333
eljeeleien
Jjejoereeld
aB33363003
eoooebeRyR
BE633163e3)
obbeoebioy
wREDD3EDI]
Beejjojeqje
oepaeenaby
JeBBjaea3e
Bbepaybjeqe
eeyabeoage
oab3gerqab
Banore3jeb
Deo3300abe
333bbe33a3
Borvereoeel
evrelbb6bhay
B63be3ee3o
o13ebhha66
vebeer]3el
bebebeebbb
Baeeaajebe
eEDERRIIIE
2330033007
33936333
eeenbbyean
330303003%
evanbHabresn
oseeeboeree
31333363600

30e300133e
vle3¥33333
oej3dlel3e]
a3eeRODDER
333pebebae
beobizbane
Jeabeejbae
ebaeeqiede
eBjoeo3ee]
Baejgberees
eBangooeee
Baanebeoeh
33ed3e300]
ee33300363
JjeeeRRElR
Baagqeeely
eo333b3ea6
Pebebeaqynb
eREROERDIR]
ebSebedeqge
©3bb33en33
Ba330e33en
oaenbejlaes
BEEIOEO2N]
333e063enh
folabek-Te3 -1} - TuTe]
Bajeababes
beoyjezenn
2333330617
BaebobB3an
216366eobee
Baeveeeine
Brerveeresd
B3036366569
ebbayeyane
of333e33e3

seebbabbee
533333303®
ebejiejey]
eojeebio3d
Beea333jge
333b6eqebree
a033reEEbE
naeqab6Beny
eo33bareasy
a03baaalao
ev331beanbbe
3333e63330
rveobeynzae
ea03e33Bae
ej3gebenting
©033333338
Beoebbbynb
evebabrebbe
oeje3®3Bag
Eeo3323300
bBeebeenbed
0233333eqe
366303eb613
oeeniboore
16362363636
BBaoeerane
oj3a3veeebhie
eobj3obabae
3393030333
202330333
obejreerel
erREIlqER]
BREDDRRERD
333373e0elR
HBabejabeqe
oy Beeeee

IvLLes
T89L¢eS
TZoLe9
T9SLEDS
T0SLED
IPvLES
T8ELESD
TZELES
T9ZLES
TOZLES
TPILES
T80LED
TT0LESD
T9E9ED
T069¢e9
T¥89£9
T8LIEY
TZLOED
T922¢€9
1099€9
Tv592¢e9
T8¥9ES
1299¢9
TOE2ES
TOE9ES
i¥29€9
TBTSES
1ci9¢Es
1909¢€S
1009¢€S
Ty65€2
T8BSES
TZ8SES
19LG€E9
TOLSES
T¥OS5€ES



US 9,273,357 B2

Sheet 20 of 27

Mar. 1, 2016

U.S. Patent

sebyafaenn
opobBobbeoe
foZofelatotnbalea-i:)
1336eb6qeb
Jewebeebye
Bbeerei33s
333®3EE]33
o36636ow0b
aenee30b6)
Ivesbenss]
BQEEEEIEDR
33333eeje]
3B64630Beae
epj3jjoe]pe
rvep2333363
o310323B3oe
3e333e0213b
Bageerbiag
eooebebioe
Jeoebeseny
Bepbooeqay
eby1e3qoo00
ejejebenbt
3o303engee
3633e0eaby
oBBaoooben
aede3oreeby
33333ee0eH
o303b30003
3063338003
e3jeleninare
ebebbebbaon
eebyeereab
o3endjelae
eo30ebisel
vorRED06]]

a1031371666es vbebejeeay
aaebbbiobe 3beveopoinn
a623oen3nbe 20303eb3basb
©613336726 1363063336
anobe1olbt baabiagjese
eoejeereere 16760556366
nbeebilbron erejeljeb)
H5abbababbe oobeajevee
pogepoebeb paebebbeo]
veab3p0obae Banbbabbae
Jeaeebiyers) oooaberenn
eebb33003e 3ejebbiaae
aorvoeniabe Hibjeoorey
aoe3enbi3y 33eveebiongy
3533833332 obapeobeesn
J3ebBieqbee ebhbilieeeldb
vebsbioeer webSioeevele
eveebaqaabe vabbiobiaa
babbeveber pjebeooree
ooaebeenbe ebeejeeibe
eapebaenhbo 35833eeeRER
331b33beo0b vervebejago
a3a3eejeveeb aej3jeRilveR
aeoen31633 vovoDD3ONB]
2eobesyaan Banbiosoiyok
bae3aeeees Baoooijaen
ao0bjoozer bbbvioobbe
©73302¥3090 300©D3¥R]]
evee1b36en] 333v3R3030
obagvoaeen 3bvebibiyaa
a93roeD310D ebBrohieshH]
o33306ve)s eerbebejbe
Heoebbiebe Bepibrebbe
ebillejeedn elvejeverR
obesoebine 3310bLebebe
areqrebebs jeobbieelb
(11T £4NO1A

3333363333
Beoaopbino
Sabeobabeh
B3323B83333
v33e3ebbi)
pbbajaenen
eqebesgooe
rEDEJRRERE
BBeBogoaeb
oabbBenbbes
Ho733eb3ynna
3eo333es3e
13ebebele
313363023333
oreednbiee
evbyenbeiby
3036363307
joen3zeonib
ojee3e33bs
obhaeobaed
Bbe33oe3bo
aoeebessin
e56ve333qe
130BBROED]
anbeobeeby
oy3eb60530
3bakE3e03a
163Bqeoeqe
o03b30bBrdy
seebabaeny
eenlj3eebb
vebeeeeled
2073730303€D
£33e00033%
opjeweseeR
3ea33esbio

33eeqnb6a0
3033ebibew
Baobbeoyob
joebijjeel
eoobbebone
BaB33ees3)
TEEERREEER
30830303460
evobbeobbeb
efroaooege
J3eejorReOR
naeveebabbi
eveinoabaree
beerERjRRR
Seeer33366
333eeabess
o032e30033
3aeebabiee
bbaeoeoonbe
a16breebhbbe
®B13323333
eeibejbebe
Beoooeneld
jen330e03b
ooBanedaba
Beqyoajeebh
oobayebbban
o} 23-1-1-ToYo) =" 1o}
B33aaqeeny
ao6nao0enes
18306e60773
3o3a3eeber
BeoseyeelhBH
oneberreeb
Beosejoezer
ojee3el30b

oBognoenshb
o3abbenooag
13163323000
e33eebbien
aeaao3bbee
abeesyyeens
eeRRERRRED]
oooeerbobb
b3ybbeebbaa
veijorvealb
B3330ee333
baebbBeaoen
DEERERROD]
abbeorvoobe
eeeabyeene
e3oeb33307%
Jeevedbeoow
eBiyeerejee
Ja3eerveb3ob
enaoebiynab
APE'e3IDJD3I0]
3333e63eq%
©339330633
3n3aajoeed
obaeejenbs
enpBBbherny
orjwel33ab
ea3ee3baan
136evo003ee
eabab3bbe
Bayobeobyee
eeebepobeh
Bhaenbbyen
verblRER]D
Je3300e6ed
1333eeebbe

T066E9
1¥86LS
T8LE6ES
TCLEES
19%6¢9
T096L9
1¥S6¢9
T8Y6€9
TZreces
T9E6ES
TOE6E9
ThZ6ES
18T6ES
TZI6E9
T906€9
T006E9
TP68E9
T88BES
TZBBESD
T9LBES
TOLBED
T$98¢€S9
TBSBED
Tcs8ED
TOP8ES
10v8€2
TVEBEY
T8ZBES
TZe8e9
T918€9
T0T8€9
T708EQ
T86LES
TZ6LES
198L€9
108LE9



US 9,273,357 B2

Sheet 21 of 27

Mar. 1, 2016

U.S. Patent

2rleln3o1b
eenbeejebb
Seoaednazbe
Babebrbyer
BanBbhenae
Bebebreege
eboqoereqoh
oobaeoleed
BayeBaaebae
Baopbreqebs
enn3633eba
323133633733
oBaje3beree
el1DEIR]E]R
eooribepe]
Joeeebeyeb
BBE3nobboo
oopeebihiob
BboBoBkBoo
Jenoebelon
15390608w0]
333ee3bjow
33oe33ehba]
eerRbeoRbEe
e3090eb3bs
oeen30bian
o303ebsbed
jeojxioober
33e5330336
Bebyebebed
S3eveqelo0D
oerajeED3E
1066686657
330003830
pleerrlel]
Job3DEEEDD

1073666665 166ebiebae
Bearvenesyb aoayepeveen
o6bBabebre vobaobBBhING
BbHaeebbese o3Beebiben
6abrebbrees a333b3RIVE
oaeorilenee 35373000303
Baaeopaooe 33ebBbeana
300e0333236 aebeosoveon
rejeeeebee veSiereeae
3aoebeeesy 33e3beoeds
qepeodjeedb ebeoedoeio
arepnebene veERR13131033
’08310®IID 33eEDROEE]
0662333660 r Beobjyjenee
Baoceovee3d 33e3330379%
eereRESPRE PRRRRERERER
36eobooabe obBapesobob
Baeepbebben BHebaobhbeb
Heajjeereee peleREERRRID
evbebBeoabb vbaeniebba
abbaEBoenh BBoobBeben
e333e336ee vinbijoben
opan3eelb] Jeeeebhaba
vERERERIDE DBeDijiewee
oren30ob6956 3307beenby
Bbeoojeoer eenberebinhb
3oe3eb3306 ¥s33313363w
2e303b631635 HoojeeoHie
13393¢e366e Hejebereab
33030eeo0b eayvjseesby
10306bbebe vebebbrrwqn
eooRIIRIRE eeleededed
pbbobbenbh 333b30vben
Ba33eebiohb eva3lbbbibae
Jooore31133 2313363336
oqoobenyon H300b3o3eb
AT HANDIA

e333a63633
e3ebyebene
eoesD3133B]
330366363
Bapoobooad
aobagqebeen
rER3300078Y
Bebaoeabby
3730eebbbg
333036e3e)
33e33e3b66
oebeqebeen
aBeenigse)
j0anbberh
aeebieeale
veRERRRED]
33ebeboobe
BBojnegnbe
3030236000
BELoEBebas
eejejebeen
e31RIN3IORY
3339e33362
Babenooeny
ebebbbibeo
aoo3onbebe
abeoewaooaa
Bea3333363e
'O10366bed
reEboDRage
Bebeojeban
aeebbebben
ebineeoyes
Jeebeogyoed
Banneobenb
35eeng3oneb

ebeebia3ono
5bbEaeoesh
obebbaeene
BBa3b30633
peanabeobb
erenyzabes
3eo330B633e
Beebaaeeas
bo3onaazen
abejeaeene
eH3eRRIOD
obeonbeeny
Bepjoonnoe
ejabeeree]
ebyebbyeeb
paBoojorbe
Ba6enq3306
oon3beabao
oevebibbve
BBebB63330
Beseo3azen
aoevebaibas
BEIREDDIDD
eobeqbesbb
e3301'E3300
onnebbbbao
29333e335%
oobebigeen
J3oebebiyan
ebbeoeedee
cobbjyoveae
abeaeeered
obeeerloy]
obeyeebeony
oobebojeoe
jon3aeebie

Baborreoree
ejoreersebe
baabeoeoob
©333336333
2683336330
eb3baooebn
Job63ebeocen
eRROIORIED
veeab36506
ere333e007
Jejejeeeer
33¥ed3e]33]
abeb333ee)
333o3e3eee
15o033enben
Bobebeoebo
ebbobeebib
obobbsubhE
DeeanbBbion
eobeooogee
abeniyojose
aeobageges
vobbyeoeHs
1bebya6ebs
oabeaebeje
233e310b6e
Bejajzaeqen
eejebeejoe
obaewooaend
33ebaybiobe
Baabebaben
BeshbabEbbsb
eeesej3eODb
Bejejoedoo
broejyiebEb
Da3bbiokBen

T90Z99
T00Z%9
Tv61%9
TB8T%9
TZ81%9
TSLT1EO
TOLTIFY
T¥OT%O
T8ST%9
TEZSTP9
T9%1IV9
TOPI¥S
TPETYO
TBEZTYS
TZZT%S
TIST1%2
T0TI¥9
8484
1860%9
1260792
1980%9
T080%S
IvL0PS
1890%9
1230¥%9
TSS0¥%9
TOS0%S
T¥70%9
T8E0%9
TTE099
T920%%
T0Z0%9
T$T0%9
T800%9
TE00¥9
1966¢€9



US 9,273,357 B2

Sheet 22 of 27

Mar. 1, 2016

U.S. Patent

voevebeeohe
ovel®3113ED
obbere]666
vebBarnohin
32e030er3D
3e30¥33030
oEDER1IDIAD
rlEllRR]DE
Jaeebjeoqe
BEbobeheny
ewbebiniaea
Je33336e63
ebebebebed
Bbgoobeony
obnaeebebh
oobejjeere
31bebbbojbh
obBabbyenb
ebeepesden
oaeoebyees
33333309333
nj3ejenojer
H303ee3303
33330e3063
33E00REROD
o3jeedelRe
eeebeereeb
rrelereeDIl]
'lEEl3DIRD
eheabelgee
TeRRRIEIRR
ogq33beejER
oeaeRl31OR
eeebbejoba
ooebanpbian
Jeresienby

2590326630 ejobrenna
1b3obbyben QejewwloR]
3e3333ebels Beeej3bian
BSbeebybafe o3axq6bekb)
333e310beie 23630667230
31630630603 j33ej3ERREDD
©v3333eebby 333v3eebBb
'Rlll33ew] 3130vRER]31]
B55333eeeB6 a13be3bensb
jesbenebee Bbebeeebie
16333031336 ebbeijoeby
oebilonjoesb 3jovberroeb
efevreeeer reReEbRRRER
Jenblaenye oSenjeberdd
eobbebiobb vbeeojoein
obayeereR3D BHIDID3HBOOY
ebyooeoelb bobboBBeoD
Bepobabeot ebereeServen
va1bBebesbs jeebiecoqe
oeerbbhbbs peoenijebb
3339333303 333b66beebe
epeojbeebe pBeajebian
e31e33jaeny 26330033E0
j33eeebiorw deobjobije
ooo3biobio eogbjoeooe
oeobigynaje jeeboobaee
e3e10B336e 3ejeniizen
30067309e00 ooes003336
eberejeere pBHebBwobH
ooexeebiby eevniyzjeje
abber163233 abeebeaens
263131333636 owveeebeoat
e3e66313332 33338RqRED
bebbSeerby erebebavan
jeb300e038 weo3b3a1bed
1030633065 ©n330663eb
111 3ANDIA

Je3jeagelo
eaneebbeby
3333eebbbe
veSeersB33
Baeeaoaann
vejonbebiyge
nbeesERlID
3330oebBeeebh
Boasebbbae
ebebayogonen
ebeeoqeboe
1033b3eb3b
eeebbeoana
Bebabenbaa
Benoojerwge
orvereebbye
BBebbb3a90
anaeSebern
oElDlajeer
e3bbebeeba
333331B83¢eee
306366e0bg
eo3b3ebhHae
anbjygbbaer
15B5eee00e
ejeeenbiae
a33Beoesjes
B3336eqer)y
ebbree3aby
eejebaee]e
332333363%
Bebebrobbe
3o336b3oee
Jeelbabaen
ebBaoinaree
eobBb416633

e33ejREelle
ajebaebebba
eebererbbe
3e336owbae
paeoDe3RIE
Je3b3e1bba
1bervoaeel]
eeobbeeone
oenbbeBangy
eebevebeeb
eebbeebebh
333eebbeee
edoqdeeehd
ebebbobbeb
10063e06236
ored3eblon
enbeoooaer
eeeed1bBan
JewrrER]lE
Jeoelnigee
BBezbyb6Ee
31D003738R3D
eeeebbooeD
eBBeeq6630
HBaeneqzbao
Baroveenebe
esjdeeRRIe
el3eeabieb
oo336333e3
oepobbeeno
opoojenhan
B6ioeenann
ereEERRRRDE
Doaelnobila
eralbabaes
Bay363baebe

jej3bebbee
eaybogeeebe
jeo3baraee
Beober3yabht
ob6obaegonn
©l3333e330
ebaajaoens
oreebeebed
a1BeaBegene
ebeobeboje
Bebaebiobb
333ebeneeb
Bebeepeeohb
BEaooeebas
53b636366e
aeppebeen)
3163006oeoy
ebbioewabe
1bebebeeby
2333333335
eeenBesbey
30we233303
oooerdeEnnb
3063030800
DorjelRlEel
oeeosb33303
vorEEREIE
33333e30PE
oonaberejen
en353e3067
gjelerelqa]
eejeabeone
nbBjeegreR
2oa33e07136
Seerenbeere
rvebjyeebbeq

R A4 LA
T9LP¥O
TOT¥¥%9
1v0%¥9
186E%2
TZEETY
138€99
TO8EDS
T¥LEDD
T89¢¥%9
TZOEY9
T9Se¥9
TOSERQ
Tyveds
T8EEDD
TIZEEDS
192€%9
T02e%9
TYLEDPS
T80E%9
TTOEDS
T96C%9
T06CT9
T¥BEVO
T18LTPO
TZLEYS
T98C¥v9
1092¥%8
INakAS
T8%Z%9
TZvews
TOLCPS
T0ECTS
T%ZCPS
I81TP9
1ZTCve



US 9,273,357 B2

Sheet 23 of 27

Mar. 1, 2016

U.S. Patent

pezobbeonre
ebyeebeber
e3b630Bayper
ebbeqenibe
baBa3beeeny
e1nb13e366
33236323e0b
ob3ooebebe
0036330330
joqebbyeeb
obeepnqbbre
Baaooaaoer
oBebaneral
BOR1DORE]]
Jesebeobbe
ea630633e6
Baeboojenh
y303boebesn
38e30076eb
Bagaeaonbe
339eo00bbe
eriebeesbe
Bajeerernn
bybeerjeee
oBBeporeln
are3330316
aeobeebaan
3d33ejedebH
Baaoeegbye
Je33330353
o333berane
eybeiegen)y
pheepeeebe
eSebaooens
e333brverod
ev3baeenbee

bbbb0bbby wobibieoas
oebBoebreey bbebeeibBs
ejelenened evebeiyjidee
oaBBE3oobe 31BBooehabe
ebrenyrbysy 3bSeeveaweed
evejelelere Beeveeelje
eBRIlOoveIDeD owvobejaeon
ojeojberr) 3RODE3ILORD
jeebjjenos 33e368630737
ae1636evebb vbBeobereeb
Sebreeqjeee 3oeled31373
eaabaeeoos devebyboaba
senbenbizo jeneebHeses
20rvEERRENT] jeRj3DD]DER
o3o3eebeewn evbijabbeeo
3bereneqey BBebbayaaba
ajoenbebioon BbHyobbrebe
33ejereled pibSefbijebe
aooqbeseny obeosebaeas
23330366es Breobizjeb
o03333eb3e vobeby3abb
exenobbhiee oreElR3lDED
Bejleeljbely o3330ennbe
eoenoebBfe Hayo3n3qeae
oobenn3aab ewilabeioae
ejjeer3bel HServeeiisch
BebByoryejze 3656e3veny
eooedel1b) oa3biyejeebe
evBedjoobbe e6yyo3eeeb
obeeejeber prenebbeed
ejbaeoeeer jeebbobeen
vejljereel] baleeeeeece
e3labBowieno bBenooibeo
2566610665 Babeaajeea
333o0beeob ebeobiereos
beanaaaoae ebeeooered
WIT 2NOIA

a6be6Gebere
eeobeorbee
Beeaebiqge
eobebbebeb
eebbbenaae
ooeebHenqyob
3benqoenan
3336332336
obaeebeben
eeRO1blDOR]
ebbBanopbe
eojeeehbiae
Baeare3bad
eobesrvabby
ebByeoernae]y
baeeeebyab
ebbql33enqe
eeroRbeOOR
316eebebaye
Beeervbiaoo
1b30000b0g
B3noeenbbe
aJeebbeenelb
eeeebebbee
Beasonaeab
a1b36reebey
eoabHieoeeb
3300¥e333]
dieevdjeljen
Joenebbese
ojeeRElRED
JjoeeER3eID
ojeaxbeseba
oaobbeobbb
nebeobhbioo
1B8ebebyaeb

BpBaBbybBabe
Dobbenbixb
a6eqaqeebe
eebebbBayeq
Bbrayjoeeba
B53063630e
eo11ennbib
JoBljobebbe
obB333a303
ebebyneben
ebeoanyobt
ebe3ennian
Bbayaenenel
en3jbeoeee
a10333e0bee
er3b30330e
3300533363
J333edeew]
©1333350E0
evheeoel3nd
eb33030337
333e3enebn
BenbBageren
e330383RER
300e0E0330
epjpejRR3E
woenoebeyy
beejvaeqer
eee333316e0
geoeeebioo
£B3evebesh
33eoeebeel
ebacooaobe
Baoowojoer
obeBeojorpd
1ERREDRE]]

oeqeebbeby
ofeqapobeeb
oo0o33e33b
a8aeeeents
Beooeasebje
oebeoebiel
eveobebybbg
epbebya3be
eon350el37
166qbeoH6,
1636866366
AaeeieRRIE
Beosbbibaay
ejor3nbbaye
ejeebieeed
eebyi3nb3ba
ooovebEBan
ebeoooere]
ebbeeiben)
ebbegeesob
e3obeobben
Bajoobabhoe
benb333330
vR3OD33ERE
eb3607666r
ejeeobengb
eanbeojogjesy
30B3ebb333
eBb3ynyeoln
Jeeesenbil
v3230630033
Jab6ebfeabes
2302363033
eqrebabog
Jjereebele
oebberepee

T8ESYS
12E8vS
1929%9
T029%9
Ty19%S
T809%3
120972
1965%2
T06S%S
I¥8G¥vS
T8L5Y9
TTLS?S
T995%9
109599
Tvssve
I8%5%9
TZ¥SPO
T2ESH9
TOEST9
T¥2s99
T18BISV9
TZIS?9
T90S%9
T00S%9
Tvevvys
T88¥%¥9
TZ8vY9
TSLY¥S
104779
ivs¥¥9
T85%%9
15454 4°]
939 v2
TOv¥¥S
T9EP¥9
TBCYYS



US 9,273,357 B2

Sheet 24 of 27

Mar. 1, 2016

U.S. Patent

Beleeejeee
o3erilniben
oopelejjed
evor3biyeoeln
eeefbbrese]
33benoa3pe
eqobb3enoa
rj3jeo0ERRb
elejlioeiq
DayeveHebige
JoerelRGI3D
opbererlal
3B00eb3330
336eeoelbhy
esbeqeieee
Jjrjeriger
3633300080
eebyobeooo
Baoe3obBbed
vba33e3e0R
oveleebbtb
Deeelbaels
eo33i333ee
epaejobeerb
3063633036
eeO3RRe}Rb
BebeqabhBa6
Bejarervee
DeneoEDERDE
23730030b303
ee333e0lbs
voebbeerrRE
a00308NeR]
eeoebeejer
eeebelbebe
eoobbeedee

es0q2qe000 ab333beios
Jeeronbaedl evileredoabe
evyeloagoey 12353eeeeb
byejoaeeeb BH33e336D
Bebreaaeby Haberverige
JERRRERRER 3330Re3eld
ahebbberey 331033ebb6e
J3re3REOIDR valovabbes
Jjeqjenebiel wwolloeleR
Ja3eobeeele eeellebber
e306rerRDD EBOREEREB]IDE
eleleenbie v3eED]DOD]
ooaeereRRR O36RDIYRIR
Beroaee3ba oj33eedjebe
eeebbebeey eeeeebeibe
oeeer103033 anaebbbion
aa3beenenee biebiobBerhH
ooeoebeabb 3bebibiiae
peebiaggeje seelEOLINID
30003031 2303003063
210338oROOR JREEDILIID
a33e3b3ene oewdEDOEDE
aoeonbijeay BBaenoebbe
Beir3biole oeivenbib)
233333333e6 333093632332
a33e3ejeer Banbebbeeb
Baaaejesee ebleljensay
Hbeabberaya) 33bijexeore
DBDEDEOEDE JBIBIVIRIR
Bbaoerebrlb bDreejeerTER
ebberebbby 330w0bh336H
330363beoo eybeneelzgo
og3oe3031e30 Habaoneebad
B3077336670 BRaNaDED]]
aeveebanbie eviebebeoeb
1063e30635 ab3ea3eben
NIT F0O14

abesasveerh
a16eae3esol
Babepbejen
3aesebejere
eehi3oeEd)
B3REIILIDY
Jaeelenelnb
reljelelae
rvhbeelbb337
wanaboered
aobeeSeeen
p3peen3aln
obaaeaooab
v3303REIR)
e33o0303eb
Bb3beebang
eojeebbiyae
1e0re31e0DD
33030300230
joenabb3oe
J3BRRRIDID
3023e338DED
rjoebeeedh
Hebbijaaee
o35eqe3230
eqeibereee
aj3erjeiee
ae3eoelRDh
3eaejejeje
oeebejyjoen
303268050
ebajeonben
016300387
eo10BRIRID
3333303008
Bogonaebab

ehbeeebbuge
oaejeqelnk
eo3el33008
13re3Be3115
eeeeRD3RED
6362333060
eabobhejee
aoeoeSgeRe
nBamoe3bje
eabbe33336
o33ebbegae
erRRDIDITRE
abereiarele
313eeebeeyb
je3q5esbed
30036beegn
BobBae33be)
3033939302
Bazoen3bba
qoebesoreb
o3bgBaenen
3333338030
eeenbiyoonh
eleREl13100
Bejeoybybe
rR1D]33033
evo333e1eEn
3e3e3eabye
Jejegejeae
oooreleIAD
eveloeeeerb
eebeabieers
3o3b3reERE
o0benbbbya
eebe3biooe
ab3oberebl

aBewonabao
elenonbeln
30370303 e]
aeiobBierer
3oeqabejoe
aaaresoeee
Baabeorola
0338030173
303e33¥eld
363033367
303p563330e
eojyooabebe
eeeorbayery
36303e000e
30eb33e003
anbeebiyjed
Jeo3orinbe
ap6330e016
oea065enoE
Jerbariool
3a3BeoBeoen
3Bejeeened
S35 5)2%Y Tole) zla
33e6333336
©l3333¥03]
33663eenge
aoj3eejoeeb
Jeleledede
3333€BRD1]
o0333b30eR
Ae30v20337
J12e0EDRVEDD
Begeebbenb
o3o0B3esenhb
3o0ebedony
aeeeabbeee

$587%9
8%8%9
12¥899
T9E8YD
TOL8%2
yeeve
1818¥%9
TZ18%9
T208V9
1008%9
T#6LYO
188L%9
TE8LES
ToLLYO
TOLLYO
1POLYO
188L79
TCSLY9
TOVLDO
TO%LYS
TPELDD
182L%9
TZZLYS
TOTLPO
TOTLYS
TY0LY9
T869%9
TZ69%9
198999
T089%9
T¥LOYS
T829¥%9
TZ89¥9
T959%9
T059%9
1PPo¥s



US 9,273,357 B2

Sheet 25 of 27

Mar. 1, 2016

U.S. Patent

Baeeenysbe
3333363067
DajerEDE]ER
opendeerel
33eleebben
oeaonbeengo
eoebeedwln
BERRORREED
©133633390
Beeojeasge
vebiy33oge
B333eobeos
evaonlabeeby
ebbyboeeab
333eIaooaae
aoeabBabrb
©vojRRDERED
je3oeobeae
'O3ED3]3VT
obeboreqqa
Bioerresan
BbBee33a0n
363e3e333e
eeorebebiyn
Bojooeoeob
B363n302396
eeb3oa3bb
3033¥eEd]]
obbeorlneh
D1b6683ebbe0
oaboeooeon
epa3b66ooo
3036357060
a63330E3RE
Jo3re3EDOE
Banoabeaee

Baejzoagaen 0333336237
ebbbrervere ebeobeoebe
Je3bojeedhb Hejeioseeje
jJoebibrirr ebiveaeebe
5336333838 Beagelosan
o33e3obese 66333e0630
©3el3e0re3jon oarpebejae
EBREREDERERD Jed3oDoredh
072¥2330333 voebebejje
vebb316633 Hoeqyoeaven
oeD0db533300 eooelobbee
30920e3e0007 33BO1EDIAE
Berejobybe vi3erBBesh
seberebaao 302232102353
eobjeobinw qj30e96ebia
Jeeveebioe eb33roabaa
evebec1330o0 neesiyjzeey
BEBIB30EORD J0DEIEIEIT
3e3333beeb ea3ebijann
aeoojebiee 3b37373eeBR
36baezoeeb 33b6ebBababa
en333eb533 ojeeenbeen
JeIRIVIEHE JPIBRIDI]R
bBgooaneny eeeenbijro
elee30b3bb elnopooesn
aoeebbb53f nabaajzeage
Beooebiiey eaeabaeqey
3006308336 e3037333R0
BBapbaBerr noo3nobbol
obe33baboo voan1B566D
elonbobbes evanebbB106
100boojobe wsbjownjob
303bebbaeb eB333332133
Byebeabaoe bBeoeebB6bay
elel3le3eab 16B33veeBh
3b3epabeelf Bygeoobeer
O1T HdNOHIA

33e3333®REY
ejebe3iaen
©H36363333
ereleebyen
Baoznjebeb
eoeebeosban
vebeerbaee
aoooerE33D
eberiaoniaib
Baocebbaqabe
e33berese;
eablesoeny
eebbobeery
vejedERELR
31ab3oeRRRRE
abeoeqagey
BOREDEREED
ejeieoSERR
fol=laTel=3-Tatet>33
e230333356%
vobnbieran
3®033323330
333330e]eR
ebenoel3ba
enoeBlREd]
vaebbyoban
ebbaeqaobe
1636333013
sfelstsTelelctolota]
ebefearheln
elberebooin
Bago03ebayed
3333333332
Bajbeaaeso
B333evebbae
jebareieee

eREeDD18330
Bbebajoeba
Beaeaejeon
ebeoseeree
lej3ele3]l3
ejeeipbayen
eoREDIEROED
3330n6eeee
33ebieeaae
erljajjaee
3nbjerewnd
obb3onqq066
veareDEbe]
16336eeReED
oejjajeejjye
erRRBEeyqe]
eebybbaben
lei3inaoeeb
10333B08RE]
eneebebb5y
eoabaebeeh
erRes3beaae
BvORIEIRDER]
rERRRODRR]
eorvedbeaen
31b6baovqee
BBaereqelb
20Bbooobob
ebabojoneh
3333230333
obeosyoobio
BbaBesbabe
332333021313
biBareeerad
J3eeoenbiyn
eenjoenben

eo3333eein
J33eoebeoe
Jervew13333]
obBjoeeree
enobaeniyan
H32b63vebbe
aq6eoerERDd
DBDD007027]
Bbeeqebeab
Jedereniay
13007eRRD]
a63Bes65666
Beeneeebee
e3lebebese
eveelejeyeh
eeebebjeer
ebeioenebe
36603332317
rRRED10]eE
aoo00bjoee
33863663 eb
sbeae3eonin
Baeneeebqe
ebaejyabend
ByebSenbay
aJoenbr3onn
31330803003
aoeoobedakb
3003038503
J33ee3onbba
D3o39e006o
BBanbbeoon
0333308036
jebejeonbs
©233303333
a6eejeeeed

T0LOSY
T%2059
185059
T2S059
T9%059
T0%059
IVEDS9
182059
122089
191059
107059
1¥0059
T866F9
1266%9
1986%9
T086%9
TPLET9
I896%9
1296%9
T956%9
T056%9
IVP619
IBEET9
IZEG6F9
T926%9
TOZ6¥%9
TVYI679
T806¥9
TZ0o6%2
T968¥9
T068%9
T¥8BYS
T8LBYS
TZLBYS
1998%9
1098%9



US 9,273,357 B2

Sheet 26 of 27

Mar. 1, 2016

U.S. Patent

aooeeilebee
ebBB30q3236
a3ebaoaoae
oeeoefebie
n63enengba
AJEE]JRERE
o00n36eb3e
36beniybiqe
31683Beq006
oerberebe]
0330D3EJED
jeb6e3533)
sebapoo3oe
oa3eabeerde
vosjoerend
163e333e3;
Jjovlebbiby
Je3eERl3ob
rveREOERERD
1306330330
vedDabeoh]
a3baobeoge
bbibebajoa
jatel=lelal=1)-Totol
0B6302333730
ed3330eeba
a0H63e0EDED
Bb6Bana303e
ejooebiloed
abebeleooo
eabebeqaio
abhaoeebeey)
eE233ebb10
3333363%el
33e33eBaba
aneeesobee

eeEloljele evenbbbeeao
B6bebygees e333Bq0bee
1133366333 Beoboeeedd
eBBbB630000 eOoERDREREER
033ba3ebay aaeebienss
poaaolaeen ebenpebebe
rvedgeelbaD enebBarana
5333200333 30®313P3I0D
363030e007 333R33EORT
30B3oqebyn evegeenBaba
v33033ebe] DjoebBerwoee
vRIRE]RD]] Babijsgveee
333600330 e336e33R30
Beonoahiny H331beeaIDI0
BaobBabeee obBeejeresy
3233323533 1303303333
3B6oea16ee eoaberwgern
Hble3oobeoy 3o03ovdERRERD
veN3oqEOR] BIOSIBOEDID
313363030 Ee BRb3EREERR]D
332333339] Beoribijen
o033300ebe opwbbreeree
036331000 ooarbDrRODEE
se33joreeb Biyjgjojzebae
Byebeneoere prwejlbbeedb
JeleeRElle evebSBiabed
obeebebeqb Bayebeionnb
033663633 ® 3230330373b%
Bb3bBB6Eq36 e3eDDRREDE
Jeejoonbber najjebeoes
erei330330e jenbebeoeb
Baoobya3bay aneopbeer)
ebeeeeeiby opBbaeooeb
a3300006key 30bBeoBiee
Bbaeqgeajes 3beoizewizon
Beareze3a3s 3B3er0D033
d11 ANDIA

167eebB316
obebelnBby
e33003e3be
'e313300633
¥03e030932
eebjojaebe
DEDIADEDEED
ojeeejebaE
plelslatelaisCnle)
©333e333317
eobaeebage
rve3lebeely
na3s6ebbend
Jo0eREIDRD

Aabeablonn

baa3Inbbre
3aeababeoe
eda630380e
edebeoibao
Byebebenoy
Beye3zerbb
308b36e0bb
obbbeyneeb
BryeseowoDb
wpbbajecee
333e3B323733
363632306
Jnbeobieen
oo3ebioeln
eeERR]35330
©333335e0B
1=3-170 ek =te) 22aV5]
TBREIALDED]
eern1esonh
epenilesabb
ebbeebyeqe

aeobinbeln
633333007
eebeebebla
eneobhinayen
n3ebogayenhb
rveebieedy]
Beefeoeory
r33EEDDI)R
rveqbenbiba
3833338330
3333363eeb
[efoTole ful-TeTolatel
felakeletatel-tolnlnd
eesoerlobe
ebebeeveene
Jeopee3oby
6333ebbabe
eobbi1356361
aoevebiybben
eorbeoonbee
3be333333%
rveenb33a3b
en33383336
aJejjqele]n
®oJ130373¢e
Bbarvennbya
oeeereynbab
Jeneebbeoe
Ba3obB3oer3ngy
Bebebbaone
ejeboeagels
sBeoeeebel
eq3ebabaree
enabbeanaa
woabyenbee
eepnileber

aBeoebabaa
Bheebienen
e166Beonan
3D00®30DReD]
BenBabeedn
aoB3oe3EeRE
e33316563077
eoe313830hb
e11331e03236]3
Djeefeedsnn
aoeo3a3a3ba
p333e0e36]
veRRbREaTR
35306233700
jeedR3RIELD
eonb333066
Bbyabeease
ee33obieay
obaaoeonba
eobebiyjene
3b33e03667
3330b6e0beb
a3eeeebygb
ben3bbeqgo
eeoyjoebee
1e63000317
Beqjearegge
pileaoezeeb
B333330RID
paeeben]ye]
3o06B30eDREe
JBEEIRREDR
Jejebeenee
Jeaeejeben
Biajeeedjeb
3oe3066een

198ZS9
T0BCZSS
1%L2S89
182C59
123759
T352Z59
T10SEs%
TP%ZG68
18%£2S9
T2ETSS
T9ZZSS
TOZZSS
T?1ZSS
180259
TT0ZSS
196159
T06TS9
T#8159
T8LTGS
TTLTSY
199Tg9
T091S9
T¥Sise
18y189
IRAAR))
TIETSY
TOETSY
TPCTSS
TBTTIS9
TCITS9
T50TS9
T00TSO
1$6058
188059
TZ8059
TOLOSS



US 9,273,357 B2

Sheet 27 of 27

Mar. 1, 2016

U.S. Patent

a0B3566e36
Bee3b3aaen
©3331300B
ebeniyjelol
1333e3e0eh
Bebeenbbby
aeebebelge
wlj3eibjeab
obBbaybaeon
Jebeiniise
Beqebeqebe
eereileorebb
©313033330%
333eei6i03
a33e003nben
a0e33eelsb
Dleoda3ebe
a3a1B3e3eeee
Jelajeeilee
BepooB1666
Bajeebrebb
Beqebabebe
30663133e3e
beeerbqnes
Jexe3bi6a)
Bayebaoojen
03b2363e636
bbeerreean
©3331Ba2beree
abbebynjgoe
reD1b33be

3anb3e3e3b 3a3eoebbaee
321638ene]33 3eEDRINIRD
1331eeBiqbe oejelelaee
enobyeenlb Jebeebbreere
a15ee3bieee ebipreeren
Beoevebeaan ejellzbeed
reebrRORE] TEREDO3IRIJO]
Jejseelferly oeblbbosia
oeeebep3ab eoojebeber
Bd3733eeqbe yeeebBByee
sejeeeeln] B1Ba3o3bao
jebbabaaee eeeeerellln
po3edebeln 3iepjeoebee
Barerea33ly 13b6eveboies
joefieree] ebBeebbive
vROOIDIIOD J33jleqeee
rROROZDORI® 3B3erebid
12323633666 3eeelajeab
vbbbenqa61 veaveeeebe
a336ej3aer) BHHABes6IS
eodearededb oj333eebilab
obbrebeben vonnbebbes
vED2333E06 ®eDlejeaba
2o33ebjlaeb 301331B3eD
reDEDbIlERE DBDREDRRED
Bbeberaaae n3vaaazbaea
eeeebewebe obevobbeojln
a733aeabren Beoobbreby
27301303367 aocnorvebreeb
el303e003] oebbeoqyaob
vbeljeobee 305630bewdbB]
011 TINODII

ed3jj33e3e]
eoeo31b3ed
ereledebsy
Heebroqnoe
ao0e30a33ed
ebeoqbenan
beeoorerie
eabigebenp
voal310o0363e
eoreeebbeh
3223663336
3323333080
eeoareRlER
Biejenbing
vbebrevbeb
2e33133363
¥ORRERIRER]
vbaneraenn
BabBenoabhao
oerefBell)
vebbeogbes
pbByeraqer
oonbbyobee
ebrovrileeR
a1aeeebebda
ao1a2a3ober
vbeereelalb
reebanoeae
rea33eb36b
a1eereERRRE
ao3beeboawe

ebbeabaqon
J33eDRREER
eebjeoebie
a3aeeenbben
vleediyjaje
aB83e3e0nab
oebjeeeaeb
Babeqgaoaon
Jee3jjjelbe
Beaabberee
vbeoeeo030
ebyjbeeeen
aJebjeeored
Deoefjened
eqbbbenbe)g
3306veaa333
37303eEBDERD]
ebajneoaee
aeobjedeld
aenbeeeend
eiebeoenia
eebanaoyen
eoeeba1b33g
ea1l300ebed
eobeebeoed
evelbeeajee
3333663ebe
eedeEDRIbS
®30D003L]]]
eebl3b6333
ebebeebeed

330073073 6ee
a1beevereelb
rREORObEED
eo3eDROELY
Baebeqeaeb
Jeel0ensll
eareqbeRIR
oae3qenbed
aebjeed3e]
oabbeoerer
bBeooebiage
3a3ebaojeor
oD03e33330
2¥D3D0eD3]D
preebbeenb
pbeeniyieed
©333308303
jeoejebeni
2e0o06B3n3e
eb3336e130
33303eb300
jeanijieed
o3bjyeeeqno
eaobeedwely)
Baeeoebiee
ae33eebanl
rRIREDRERR
3036630330
chchk-htolida) R
3j3oeooneixfe
136eBba3oab

TCLPS9
199759
109759
T¥S¥59
T8v¥599
TZPP99
T9€959
TOERSO
1544450
T81V52
TZ1¥69
190752
T00YS59
TyYEESD
T88€ES9
TTBESS
T9LESY
T0LESYS
T¥ogs9
185¢€S9
TZSESY
To9PeS9
TovESS
1yeese?
T8ZESS
TZTESD
T9TESS
TOTESS
¥0Ess
186¢CS9
16259



US 9,273,357 B2

1
PHARMACOGENETIC TEST
ANTI-RESORPTIVE THERAPY-ASSOCIATED
OSTEONECROSIS OF THE JAW

PRIORITY CLAIM

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 61/471,532, filed Apr. 4, 2011, the contents of
which is incorporated by reference in its entirety herein.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Nov. 19,2012, is named 0700504 5.txt and is
59,951 bytes in size.

GRANT INFORMATION

This invention was made with government support under
Grant No. DE018143-01 awarded by the National Institute of
Dental and Craniofacial Research, National Institutes of
Health. The government has certain rights in the invention.

1. INTRODUCTION

The present invention relates to methods and compositions
for determining whether a subject is at increased risk for
developing anti-resorptive therapy-related osteonecrosis of
the jaw.

2. BACKGROUND OF THE INVENTION

Bisphosphonates (BPs) are widely prescribed anti-osteo-
clastic medications. The intravenously administered BPs
pamidronate and zoledronic acid are used in oncology to
control bone metastasis and hypercalcemia. Oral BPs are
used to control or prevent bone loss in osteoporosis, including
osteoporosis associated with menopause. An estimated 3 mil-
lion American women are currently being treated with oral
bisphosphonates [1]. The monoclonal antibody Denosumab
is also used to treat these conditions.

BPs are synthetic analogs of pyrophosphate that readily
localize to bones due to their affinity for hydroxyapatite, and
reduce osteoclastic activity. They are not readily metabolized,
and thus, have long-lasting effects that might extend for sev-
eral years. BPs are especially attracted to, and localize in,
areas of the bone undergoing inflammation or resorption.
They are subsequently phagocytozed and internalized by
osteoclasts. These internalized bisphosphonates, in turn, trig-
ger apoptosis (cell death) of the osteoclasts, thus inhibiting
osteoclast-mediated bone resorption [2]. Osteoclasts seem to
be affected by BPs both in terms of number and function.
Animal studies have also demonstrated some antiangiogenic
properties, which may partially explain the development of
osteonecrosis due to limited healing ability of the bone
because of reduced vasculature [3].

BPs, especially zoledronic acid, have been associated with
a serious adverse eftect, osteonecrosis of the jaw. According
to the American Association of Oral and Maxillofacial Sur-
geons (AAOMS), BP-related osteonecrosis of the jaw
(BRONI) is defined as exposed bone in the maxillofacial
region for more than eight weeks in patients treated with a
bisphosphonate that have no prior history of radiation therapy
to the jaws [4]. The non-healing exposed necrotic lesions may
involve the mandible or the maxilla or both, and can be
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painful, persistent, and resistant to treatment. The incidence
of BRONI varies in different studies. BRONI affects as many
as 5-10% of zoledronic acid users and far fewer users of oral
bisphosphonates.

Osteonecrosis of the jaw has also been reported in associa-
tion with denosumab treatment [29]. It would be desirable to
identify individuals who are at risk for developing osteone-
crosis of the jaw, so that subjects at greater risk could be
considered for alternatives to anti-resorptive therapy or, if
suitable alternatives are not available, could be monitored
more closely.

3. SUMMARY OF THE INVENTION

The present invention relates to methods and compositions
for testing individuals to determine whether they are at
increased risk of developing anti-resorptive therapy-associ-
ated osteonecrosis of the jaw (“ARONJ”). It is based, at least
in part, on the results of a genome wide association analysis
which revealed that certain Single Nucleotide Polymor-
phisms (“SNPs”) are significantly associated with osteone-
crosis of the jaw among bisphosphonate users, including
SNPs in the RNA-binding motif, single-stranded-interacting
protein 3 (“RBMS3”) gene (for example, the SNP
rs17024608) as well as SNPs in other genes, including but not
limited to those for insulin-like growth factor 1 receptor
(“IGF1R”), insulin-like growth factor binding protein 7 (“1G-
FBP7”), dihydropyrimidine dehydrogenase (“DPYD”), ATP-
binding cassette, sub-family C (CFTR/MRP), member 4
(“ABCC4”), and glutathione S-transferase mu 2 (“GSTM2”)
and other SNPs as listed in TABLES 1-5.

4. BRIEF DESCRIPTION OF THE FIGURES

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1A-B: Population structure of Caucasian subjects
from the combined ONJ/Hap Map 3/European collections.
The red circles represent ONJ subjects, azure dots CEU Hap
Map 3, blue dots CEU Hap Map I1I, yellow dots North Euro-
pean POPRES, green dots central European POPRES, gray
dots Spanish POPRES, light yellow dots South European
POPRES. (A) PC axis 2 versus PC axis 1 (ordinate versus
abscissa). (B) PC axis 1 versus PC axis 3 (ordinate versus
abscissa).

FIG. 2. QQ plot for Caucasian ONJ Study Group.

FIG. 3. Manhattan Plot for Caucasian ONJ Study Group.

FIG. 4: Manhattan Plot of the region surrounding
rs17024608. Red dots represent the imputed markers; Gray
dots represent the original markers.

FIG. 5A-B. Results of SNP analysis within 20 kb of IGF
gene family candidate genes. (A) QQ for candidate SNPs
(logistic test, drug-exposed study group) and (B) SNP quality
graph of the top hit.

FIG. 6 A-B. Results of SNP analysis of ADME genes. (A)
QQ for ADME SNPs (logistic test, drug-exposed study
group) and (B) SNP quality graph of the top hit.

FIG. 7A-B. SNP analysis of IGF-related SNPs in the
extended study group. (A) QQ plot for candidate SNPs (logis-
tic test, extended study group) and (B) SNP quality graph of
the top hit.

FIG. 8A-B. SNP analysis of ADME-related SNPs in the
extended study group. (A) QQ plot for ADME SNPs (logistic
test, extended study group) and (B) SNP quality graph of the
top hit.
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FIG. 9. QQ plots for IGF-candidate SNPs (logistic test,
final study group).

FIG. 10A-B. (A) QQ plots for ADME SNPs (logistic test,
final study group) and (B) SNP quality graph of the top hit.

FIG. 11A-Q. Nucleotide sequence (SEQ ID NO: 86)of the
intron between positions 29941247 to 29977576 of the
human RBMS3 gene on chromosome 3 (numbered consis-
tently with their the numbering of the RBMS3 gene as rep-
resented in NCBI Ace. No. NC_000003 Region
29322803 ...30051886 GPC__000000027). Sequence flank-
ing the A/G substitution in rs17024608 is bolded and under-
lined, and the variant base (A) involved in the A to G substi-
tution is shown by a capital letter. For clarity, residue 618421
in the figure is residue 29941247 of human chromosome 3.

5. DETAILED DESCRIPTION OF THE
INVENTION

For purposes of clarity of description and not by way of
limitation, the detailed description of the invention is divided
into the following subsections:

(1) biomarker genes and SNPs;

(ii) methods of treatment/diagnosis; and

(iii) kits.

The term “anti-resorptive therapy” as used herein refers to
therapy in which an agent (“anti-resorptive agent™) is admin-
istered that inhibits resorption of bone, for example in the
treatment of osteoporosis or in oncology to control bone
metastasis and/or hypercalcemia. Non-limiting examples of
anti-resorptive agents include, but are not limited to, bispho-
sphonates and monoclonal antibodies specific for RANK
ligand, such as, but not limited to, denosumab.

“Anti-resorptive therapy-associated osteonecrosis of the
jaw”, or “ARONJ”, includes BRONJ as well as ONJ associ-
ated with other anti-resorptive agents.

The term “bisphosphonates” as used herein refers to a class
of drugs comprising a bisphosphonate structure that may be
used to treat osteoporosis or hypercalcemia. Non-limiting
examples of bisphosphonates include orally-administered
drugs such as alendronate (Fosamax), etidronate (Didronel),
ibadronate (Boniva), and risedronate (Actonel) and intrave-
nously administered drugs such as pamidronate (Aredia) and
zoledronic acid (Zometa).

The term “osteonecrosis of the jaw” (“ONJ”) means a
clinical condition characterized by, in a subject, exposed bone
in the maxillofacial region that persists for more than eight
weeks. Typically one or more region of the affected bone area
is necrotic.

The term “allelic variation” refers to the presence, in a
population, of different forms of the same gene characterized
by differences in their nucleotide sequences (sequences in
genomic DNA). The variation may be in the form of one or
more substitution, insertion, or deletion of a nucleotide. Dif-
ferent alleles may be functionally the same, or may be func-
tionally different. In one subset of allelic variations a single
nucleotide is different between alleles, and is referred to as a
Single Nucleotide Polymorphism (“SNP”). Allelic variation
in a known sequence may be identified by standard sequenc-
ing techniques. A “variation” or “variant,” as those terms are
used herein, is relative to the ancestral gene found in the
majority of the population. Unless specified otherwise, the
presence of a SNP means that at the single nucleotide position
for which alleles have been identified, the nucleotide present
is the variant nucleotide, not the nucleotide found in the
majority of the population (however, TABLE 4 lists SNPs and
then specifies which allele is associated with ARONJ, and
either the allele found in the majority of the population or a
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variant may be specified). The variation (variant) is com-
prised of a substituted nucleotide or nucleotides or an inser-
tion or deletion of a nucleotide or nucleotides. Herein, gen-
erally the ancestral nucleotide is listed first and the variation
(variant) nucleotide is listed second (for example, in A/G A is
the ancestral nucleotide and G is the variation (variant) nucle-
otide). If there is an insertion, the ancestral nucleotide is
represented by a hyphen (e.g., -/G). If there is a deletion, the
variation (variant) nucleotide is represented by a hyphen (e.g.,
G/-). Numerous allelic variations (variants), captured in
SNPs, of gene s are known in the art and catalogued (for
example, in the National Center for Biotechnology Informa-
tion “Entrez SNP”). Allelic variations that are not SNPs
include deletions or insertions or substitutions of multiple
consecutive nucleotides.

In non-limiting embodiments of the invention, the pres-
ence of an allelic variation, for example a SNP, may be deter-
mined using a technique such as, but not limited to, primer
extension or polymerase chain reaction, using primer(s)
designed based on sequence in the proximity of the variation,
followed by sequencing. For example, and not by way of
limitation, the presence of a SNP indicative of increased risk
of ARONJ may be determined by a method comprising using
at least one primer sequence complementary to a sequence
flanking the location of the SNP (for example, within 80
nucleotides, or within 50 nucleotides, or within 30 nucle-
otides, or within 20 nucleotides, or within 10 nucleotides, of
the SNP) in a primer extension reaction or polymerase chain
reaction to generate a test fragment that contains the location
of the SNP and determining the nucleotide present at the
location of the single nucleotide polymorphism, for example
by sequencing all or a portion of the test fragment.

A subject may be a human or a non-human subject. In a
specific non-limiting embodiment, the subject suffers from
osteoporosis. In a specific non-limiting embodiment, the sub-
ject is a postmenopausal woman. In a specific non-limiting
embodiment, the subject has a cancer and has or is at risk for
bone metastasis. In a specific non-limiting embodiment the
subject has hypercalcemia.

To assess whether the subject carries a ARONJ biomarker
as described herein, a sample of nucleic acid from the subject
may be used. The nucleic acid may be genomic DNA or RNA
reflective of the allelic variation or a cDNA copy thereof. For
example, a sample comprising a cell from the subject may be
collected. For example, the sample may be a tissue or body
fluid, including but not limited to saliva, blood or its compo-
nents, skin, hair follicle, urine, etc. The sample may be
obtained by scraping the inside of the subject’s mouth or
cervix (eg in the context of a Pap smear). In a non-limiting
example, as part of the detection process, nucleic acid may be
at least partially purified from the sample.

5.1 Biomarker Genes and SNPS

In various non-limiting embodiments, the following genes
and SNPs have been related to ARONJ, such that these genes
and SNPs may be used as biomarkers for increased risk of
ARONI. Allelic variation and SNP variants may be used as
indicators that a subject is at increased risk for ARONIJ. The
genes listed below, SNPs associated with those genes, and the
further SNPs listed below are collectively referred to herein as
“ARONI biomarkers”.

5.1.1 RBMS3

RBMS3 is an RNA-binding protein that belongs to the
c-myc gene single-strand binding protein family. Its tran-
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scripts are alternatively spliced to form different mRNAs. In
humans it is located at about positions 29322803-30051886
on chromosome 3 (NCBI Reference Sequence
NC_00003.11).

In one non-limiting embodiment of the present invention,
an allelic variation in the RBMS3 gene, where the allelic
variation may be a SNP, is an indicator that a subject is at
increased risk for developing ARONIJ.

In another non-limiting embodiment of the present inven-
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mosome 3, where the allelic variation may be a SNP, is an
indicator that a subject is at increased risk for developing
ARONU. The sequence of this intron is set forth in FIG. 11.
In another non-limiting embodiment of the present inven-
tion, an allelic variation in a region of the intron of RBMS3
from about positions 29941247 to 29977576 of the human
gene on chromosome 3, said region being between about
29954000 to 29955000 (between about nucleotides num-
bered 631198 and 632198 in FIG. 11), where the allelic
variation may be a SNP, is an indicator that a subject is at

. . U . 10
tion, an allelic variation in a region of RBMS3 from about increased risk for developing ARONJ.
positions 29900000 to 29990000 of the human gene on chro- In another non-limiting embodiment of the present inven-
mosome 3 (see NC__000003.11), where the allelic variation tion, an allelic variant which is a SNP of RBMS3 selected
may be a SNP, is an indicator that a subject is at increased risk from those set forth in TABLE 1 is an indicator that a subject
for developing ARONIJ. 15 1s at increased risk for developing ARONIJ. For clarity, the
In another non-limiting embodiment of the present inven- SNP is shown in bold text and underlined; for example, in
tion, an allelic variation in the intron of RBMS3 from about rs17024608 the SNP is a substitution of ancestral nucleotide
positions 29941247 to 29977576 of the human gene on chro- A by G, as shown by “A/G”.
TABLE 1
SEQ SNP
ID ref Chr 3
No. no. position Variation (bold, underlined)
1 17024608 29954690 GATAGAATAGAACTATTTGATGTGGA/GCCATGAG
AATTTAAAAGTATCTGCA
2 rs3821577 29910544 AAGGCAGACGTATGGTGCCATGATGAA/GATTGGGTCCCA
TGGAACACCCAATG
3 rs9820707 29954837 TGAGAAATGACAGAAAAACTATATCAT/CCAGCAGAGAA
AACATCTTCTTGCTG
4 rs9875937 29954551 ATTGAGGGCAGGCATAAGACCTCTTGG/TCTATCATCACT
AGGTGGCTCATAAA
5 rs9876178 29954887 TGACCTAGGAAGGCATACAAATAGTTC/AAGTTGGCGTCA
CACTGTTTATGCAT
6 rsl13319154 29954187 ACTTTCAATTTTCTGAAGAAATGTATA/TGGGCAACTACAT
TAATATTCTTCAG
7 rsl3326291 29954399 CTCATGGAAAAGATGGCAAGATTGTTT/CAGTTTGTGCCA
GAATTTTCCTTAAT
8 rs75830538 29954957 GTGGTACTTGTTCCCTTTTATATCACT/CTAACATAAGTAT
AATTTCATTGCAC
9 rsll4730671 29954785 TCTATCTTACAATAATTACTCAATATG/TTTCAGCAGACTC
TGAAATCTGCACT
10 rsll6600197 29954066 TCAGCTGAAACAACTGTGTTATTCAGC/TGTAGTGTCTTAA
TTGGCAGTTACAT
11 rsll6863073 29954716 ACCATGAGAATTTAAAAGTATCTGCAT/CAAATTGATGAT
TTGGCATCAGATAA
12 rsl18013282 29954445 CTTAATAAATGTCTTCAAAGCTCTCAC/TAGGAGCCCAAG

CATGTACACAGTTG
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In another non-limiting embodiment of the present inven-
tion, an allelic variant which is a SNP of RBMS?3 as occurs in
rs17024608, shown in TABLE 1, is an indicator that a subject
is at increased risk for developing ARONJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variant which is a substitution of A by G at
position 29954690 of chromosome 3 is an indicator that a
subject is at increased risk for developing ARONIJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variant which is a substitution of A by G in
SEQ ID NO: 1: (GATAGAATAGAACTATTTGATGTGG
A/GCCATGAGAATTTAAAAGTATCTGCA) at the posi-
tion indicated by A/G, is an indicator that a subject is at
increased risk for developing ARONIJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variant which is a SNP of RBMS3 selected
from those set forth in TABLE 2 is an indicator that a subject
is at increased risk for developing ARONJ.

10

15

8
mosome 4 (see NC__000004.11), where the allelic variation
may be a SNP, is an indicator that a subject is at increased risk
for developing ARONIJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation in a region of IGFBP7 from about
positions 57940000 to 57950000 of the human gene on chro-
mosome 4 (see NC__000004.11), where the allelic variation
may be a SNP, is an indicator that a subject is at increased risk
for developing ARONIJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation which is a SNP of IGFBP7 as occurs
inrs11934877 is an indicator that a subject is at increased risk
for developing ARONJ. The SNP of rs11934877 is located at
position 57941026 of chromosome 4, where the ancestral
nucleotide T is replaced by C, for example as in SEQ ID
NO:19

TABLE 2

SEQ SNP

ID ref Chr 3

NO. no. position Variation

13 rsl0510628 29853403 GCTCTGCCGTTTCTTAGGAAGTTGTGG/AAAGATATTGGT
CTTTTTGTGAATAT

14 rs4599260 29853269 CCATTAGGATAAAGAT/CGAGTGACCTCAAAAA

15 rsl0514681 29853882 TAGTGGGAAAGTTTTAAAGAGACCGTC/TATTGAGTGCTT
TGATATGTTTGTTC

16 rs35393422 29853420 GAAGTTGTGGAAGATATTGGTCTTTTT/ -
GTGAATATGTATGACACTATTCATT

17 rs79049188 29853041 CTCTCATGGAGTCTACATTCTAAGGTC/TTCATAGGAAAC
ACATGTAACTTTAC

18 rsll5136555 29853407 TGCCGTTTCTTAGGAAGTTGTGGAAGA/GTATTGGTCTTTT
TGTGAATATGTAT

5.121GFIR

The IGF1R gene in humans is located at about positions
99145510 to 99555008 on chromosome 15 (NCBI Reference
Sequence NG 009492).

In one non-limiting embodiment of the present invention,
an allelic variation in the IGF1R gene, where the allelic varia-
tion may be a SNP, is an indicator that a subject is at increased
risk for developing ARONJ.

5.1.3 IGFBP7

The IGFBP7 gene in humans is located at about positions
57897244 to 57976539 on chromosome 4 (NCBI Reference
Sequence NC_000004.11).

In one non-limiting embodiment of the present invention,
an allelic variation in the IGFBP7 gene, where the allelic
variation may be a SNP, is an indicator that a subject is at
increased risk for developing ARONIJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation in a region of IGFBP7 from about
positions 57920000 to 57950000 of the human gene on chro-
mosome 4 (see NC__000004.11), where the allelic variation
may be a SNP, is an indicator that a subject is at increased risk
for developing ARONIJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation in a region of IGFBP7 from about
positions 57930000 to 57940000 of the human gene on chro-
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TAATCTGTGTTAAAACAATATAGCATT/CATCTGCTTTGAATGCACTA
GGCACC.

In another non-limiting embodiment of the present inven-
tion, an allelic variation which is a SNP of IGFBP7 as occurs
inrs17761305 is an indicator that a subject is at increased risk
for developing ARONJ. The SNP of rs17761305 is located at
position 57934091 of chromosome 4, where the ancestral
nucleotide C is replaced by T, for example as in SEQ ID NO
20:

CCCCTGGAGAATAATTGATAGGGTAGC/ TGAAAAATGTGGATATCATA

AAATAT.

5.1.4DPYD

The DPYD gene in humans is located at about positions
(-)98513111 to (=) 97416801 on the negative strand of chro-
mosome 1 (NCBI Reference Sequence NG 008807.1)

In one non-limiting embodiment of the present invention,
an allelic variation in the DPYD gene, where the allelic varia-
tion may be a SNP, is an indicator that a subject is at increased
risk for developing ARONJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation in a region of DPYD gene from about
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positions (-)97800000 to (-)97500000 of the human gene on
chromosome 1 (see NG__008807.1), where the allelic varia-
tion may be a SNP, is an indicator that a subject is at increased
risk for developing ARONJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation in a region of DPYD gene from about
positions (-)97700000 to (-)97650000 of the human gene on
chromosome 1 (see NG__008807.1), where the allelic varia-
tion may be a SNP, is an indicator that a subject is at increased
risk for developing ARONJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation which is a SNP of DPYD as occurs in
rs10875055 is an indicator that a subject is at increased risk
for developing ARONJ. The SNP of rs10875055 is located at
position (-)97683997 of chromosome 1, where the ancestral
nucleotide C is replaced by T, for example as in SEQ ID
NO:21:

TTCATCTCACTAATAAGAGCTACCCAC/TCCGCCTTTATACAGAGGTT

CTCAGA

5.1.5 ABCC4

The ABCC4 gene in humans is located at about positions
95672083-95953687 on chromosome 13 (NCBI Reference
Sequence NC__000013.10).

In one non-limiting embodiment of the present invention,
an allelic variation in the ABCC4 gene, where the allelic
variation may be a SNP, is an indicator that a subject is at
increased risk for developing ARONIJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation in a region of ABCC4 gene from
about positions 95730000 to 95740000 of the human gene on
chromosome 13 (see NC_000013.10), where the allelic
variation may be a SNP, is an indicator that a subject is at
increased risk for developing ARONIJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation in a region of ABCC4 gene from
about positions 95732000 to 95738000 of the human gene on
chromosome 13 (see NC_000013.10), where the allelic
variation may be a SNP, is an indicator that a subject is at
increased risk for developing ARONIJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation which is a SNP of ABCC4 as occurs

10
inrs1189437 is an indicator that a subject is at increased risk
for developing ARONJ. The SNP of rs1189437 is located at
position 95735604 of chromosome 13, where the ancestral
nucleotide A is replaced by C, for example as in SEQ ID
5 NO:22:

GAGTGTAATCCTAACAACAACTCATGA/CAAGTATTTTTGAAAAGAA

TACTTGA.
10

5.1.6 GSTM2

The GSTM2 gene in humans is located at about positions
5 110210644 to 110226619 on chromosome 1 (NCBI Refer-
ence Sequence NC__000001.10).

In one non-limiting embodiment of the present invention,
an allelic variation in the GSTM2 gene, where the allelic
variation may be a SNP, is an indicator that a subject is at
increased risk for developing ARONIJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation in a region of GSTM2 gene from
about positions 110210000 to 110215000 of the human gene
on chromosome 3 (see NC_000001.10), where the allelic
variation may be a SNP, is an indicator that a subject is at
increased risk for developing ARONIJ.

In another non-limiting embodiment of the present inven-
tion, an allelic variation which is a SNP of GSTM2 as occurs
in rs673151 is an indicator that a subject is at increased risk
for developing ARONIJ. The SNP of rs673151 is located at
position 110213458 of chromosome 1, where the ancestral
nucleotide G is replaced by A, for example as in SEQ ID
NO:23:

35

—

25

30

GARAAGATGAGGAGATATTCAGAGGATG/AAGTGGAAGAAAGGAGGG
GGAAAAAG .

40
5.1.7 Further SNP Biomarkers

In further non-limiting embodiments of the present inven-
tion, the presence of an allelic variation which is a SNP
selected from those set forth in TABLE 3 is an indicator that
a subject is at increased risk for developing ARONLI.

TABLE 3

SEQ SNP Chromogome

ID ref location/

NO. no. gene Variation

24 1rs8012823 72343297chrl4 CTGGAGGGCTTCCAAT/CGGACTGATCTCTTTG
DPF3 gene

25 rs11802277 Chr. 1 GAGAGTGAGAACTGAGTGGGCTGGGGAGCT

G/TATGGACTTTACCCTGCCATTTCCTAACCC

26 rs10754178 196416252chr 1 TTCTTTCCATCTTCAA/GTGAAATATTTTGCCT
KCNT2

27 rs13096022 7425350 chr3 TCAGGA/GTTAAC
GRM7

28 1rs6900513 66333105chre GATAACCTCCAAAGAC/TTTGGTTGTAATTTTC
EYS

29 rsl873291 66344855chre TTAAAAATCAATTTGC/TCTTCATCACAGACAG

EYS
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TABLE 3-continued
SEQ SNP Chromogome
ID ref location/
NO. no. gene Variation
30 rsl0781262 77650696chr9 TTAATAAAGGGTAAGATTGGGCTATCA/GTATTTGAATT
AGCAGAATCACTCTA
31 rsld471646 chr 1 GACTCATCTGACTTAGAAATGGGTGG[A/G|TGAAARAG
RP11-382E9.1 AATCTTCACTCACTATGT
32 rs4870310 chr 6 ancestral gene nucleotide is T; variant is C
RP11- CTCGTTGTTTTTCTGGCACTACAAGAT/CGTTCCAGGTTC
15G8.1 ATCTTATATATTCT
33 rsl10875148 98859508chrl ancestral gene nucleotide is G; variant is A
TATTTTCTAACTCTTTCTGGTATAATG/AGGAACAGTCAA
GATCTGAACAAGAG
34 rs4562759 83835639chrl0 ancestral gene nucleotide is T; variant is C
NRG3 AGAGAGTAGAATTAAGTGGTTTTTCAT/CTGGAATTATG
GAGGGAGAATGAAAT
35 rs4878512 27630418chr9 ancestral gene nucleotide is A; variant is G
RP11- AAGAATGTAAAGCATTCTCTAGTCCTA/GTTTCCTTTCCT
53518.1 TGTTTGTTTTCTCT
36 rsl2613966 AC113618.1 ancestral gene nucleotide is C; variant is T
AAATGTCACCTTTGAGTAGTGAAGTTC/ TTGGATGATTTT
TATTTTCTTATTTT
37 rsl11189381 RP11-459F3.3 ancestral gene nucleotide is T, variant is C
GCTGGCTTCTTCTTAATCAGAACTGCT/CCTTAGCTTCAA
GAGAGGCTGGAAAA
38 rs6861122  AC022120.1 ancestral gene nucleotide is C; variant is T
TTAGTAATATGCCTTTAAGGTACCTCC/TATCTAAACTGA
ACATGCTCATTA
39 rs4431170 MARCH1 ancestral gene nucleotide is A; variant is G

TGAAACCAAACTATAAACTACTTCTTA/GTCTTTGTGAGA

GAATTCCAGGGCAC

In another non-limiting embodiment of the present inven-
tion, an allelic variant which is a SNP of the human EY'S gene
in a region on chromosome 6 between 66325000 and
66350000, where the allelic variation may be a SNP, is an
indicator that a subject is at increased risk for developing
ARONI.

In further non-limiting embodiments of the present inven-
tion, an allelic variation which is a SNP selected from those
set forth in TABLE 4 is an indicator that a subject is at
increased risk for developing ARONJ, where the nucleotide
in the column marked “allele” is the allele indicative of the
increased risk (among the SNPs listed in TABLE 4, some-
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times the allele associated with ARONI is the variant allele,
and sometimes it is the allele found in the majority of the
population tested). The SNPs listed in TABLE 4, except for
rs17024608 which is discussed above, are denoted SNP 1D
#40-147. Commercial probes or sequences corresponding to
the SNPs listed in TABLE 4 are publicly available, either for
the SNP named (e.g. “rs17024608) or at the chromosomal
position specified (e.g., “12-85466404” denotes a SNP found
at position 85466404 on human chromosome 12). For con-
venience, and not by way of limitation, the sequences of
certain regions containing SNPs are set forth in TABLE 5
below as SEQ ID NOS: 40-85.

TABLE 4
CHR SNP LOCATION ALLELE TESTED SAIOR SE L95 U9s STAT P.value  SNP ID#
3 1517024608 29954690 G 1744 5.825 03276 3.065 11.07 5379 7.47E-08
22 155768434 46977516 T 1752 12.61 0.4784 4.937 32.2 5.298 1.17E-07 40
12 1511064477 6944626 A 1689 21.66 0.6126 6.52 71.98 5.02 5.16E-07 41
12 12-85466404 85466404 A 1696 9.296 0.4769 3.65 23.67 4.675  2.95E-06 42
8 8-58133986 58133986 T 1746 7.326 0427  3.173 16.92 4.664  3.10E-06 43
1 151886629 194421521 C 1755 3.698 0.2878 2.104 6.501 4.544 5.53E-06 44
2 1s7588295 166115757 G 1716 8.681 04783 3.399 22.17 4518  6.24E-06 45
4 1s4431170 165504024 G 1748 5.176 03665 2.523 10.62 4485  7.28E-06 46
6 157740004 120897902 A 1757 5952 03992 2722 13.02 4469  7.87E-06 47
10 1rs11189381 99553188 C 1728 6.816 04303 2.933 15.84 4461 8.17E-06 48
15 1512903202 56094085 G 1690 4.036 03145 2179 7477 4436 9.15E-06 49
18 1517751934 47455812 T 1773 5.009 03632 2.458 10.21 4436  9.16E-06 50
11 11-23990403 23990403 C 1708 12.17 0.5655 4.016 36.86 4419  9.94E-06 51
3 187613687 60124976 T 1733 13.44 0.6107 4.061 44.49 4.255  2.09E-05 52
3 157634338 8864809 C 1708 12.55 0.6001 3.87  40.68 4215  2.50E-05 53
3 187612449 181586884 T 1718 11.79 0.5708 3.853 36.1 4323  1.54E-05 54
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TABLE 4-continued
CHR SNP LOCATION ALLELE TESTED SAIOR SE 195 U95  STAT P value SNPID#
4 1510029016 8496903 A 1685 1173 05612 3.905 3524 4388 1.15E-05 55
12 1s10505722 1102632 G 1716 1139 05651 3.763 3448 4305 1.67E-05 56
14 1s2332834 71952831 c 1690 113 0.6162 3.378 37.82  3.935 8.31E-05 57
7 1510271074 78589212 G 1713 11.08 0557 3719 33.02 4318 1.57E-05 58
3 3-85058749 85058749 A 1729 1099  0.6046 3.36 3595 3965 7.35E-05 59
5 5-159725177 159725177 c 1744 1091 0.5466 3.736 31.84 4371 1.24E-05 60
1 154951362 202580842 c 1719 10.66  0.5452 3.662 31.04 4341 1.42E-05 61
2 1562153910 96382119 T 1766 1046 05396 3.632 30.11 435  1.36E-05 62
1 1-55273566 55273566 G 1740 1037 05975 3216 3346 3915 9.05E-05 63
2 2-15831165 15831165 A 1726 1033 0.5364 3.609 29.55 4352 1.35E-05 64
2 2-53263505 53263505 c 1722 1003 0.5434 3456 29.09 4242 2.22E-05 65
2 154062819 95777963 A 1730 9.872 05353 3.457 28.19 4277 1.89E-05 66
7 7-13058926 13058926 T 1696 9.791 0528 3479 27.56 4321 1.55E-05 67
15 157176436 56752223 G 1731 9.767 05365 3.413 27.95 4248 2.16E-05 68
2 2-95978053 95978053 A 1731 9.685 0.5337 3.403 27.57 4254 2.10E-05 69
1 1s17127107 65099496 G 1685 9.492 05126 3476 2592 4391 1.13E-05 70
7 7-78589823 78589823 A 1717 9.426 05521 3.194 27.82 4063 4.84E-05 71
2 1562156621 79426168 A 1727 931 0524 3334 26 4258  2.06E-05 72
2 15921245 137980811 c 1720 9295 05267 3.311 2609 4233 2.30E-05 73
12 12-85423495 85423495 c 1701 9.284 05088 3425 25.17 4379 1.19E-05 74
12 12-85114303 85114303 c 1742 9.104 05056 3.379 2453 4368 1.25E-05 75
9 9-29422005 29422005 T 1739 9.06 05455 3.111 2639 404  5.34E-05 76
1 151736563 169371174 A 1691 8.941 05421 3.09 2587 4041 5.32E-05 77
5 5-65503171 65503171 A 1765 8.934 0.5453 3.068 26.02 4016 5.93E-05 78
7 7-78597753 78597753 G 1721 8.788 0.5503 2989 25.84 3949 7.83E-05 79
10 10-94242917 94242917 G 1743 8.785 0.5164 3.193 24.17 4208 2.58E-05 80
10 10-94239487 94239487 G 1743 8.779 05164 3.191 2415 4207 2.59E-05 81
10 10-94264341 94264341 A 1739 8.758 0.5164 3.183 24.1 4202 2.65E-05 82
2 2-15818709 15818709 A 1728 8.724 0.5391 3.033 25.1 4018 5.87E-05 83
12 12-85440122 85440122 G 1702 8.663 0.5067 3.209 23.39 4261 2.04E-05 84
12 rs4639998 85442168 T 1702 8.663 0.5067 3.209 23.39 4261 2.04E-05 85
4 157669796 160863851 G 1716 8.662 0.5458 2972 2525 3955 7.64E-05 86
12 1517653326 85528244 A 1748 8.661 0.5037 3.227 23.24 4286 1.82E-05 87
9 1517057133 73509497 c 1692 8.616 0.5078 3.184 23.31 4241 2.23E-05 88
16 rs3135009 12556820 T 1721 8.608 0.5224 3092 23.96 4121 3.78E-05 89
2 2-15819709 15819709 c 1729 8.597 0.539 298 2473 3991 6.57E-05 90
2 152544530 15820699 G 1728 8.569 0.5392 2978 24.65 3984 6.77E-05 91
8 1516915413 94070482 A 1730 8.569 0.5422 2961 24.8 3.962  9.30E+01 922
10 10-59772956 59772956 T 1735 8.567 0.5454 2942 2495 3938 8.21E-05 93
9 9-17649682 17649682 G 1743 8.399 05149 3062 23.04 4133 3.58E-05 94
9 9-17652481 17652481 T 1742 8.394 05149 306 23.03 4132 3.60E-05 95
3 3-85899151 85899151 T 1739 8.389 0.5348 2941 23.93 3977 6.98E-05 96
12 12-39900069 39900069 A 1696 8.387 0.5327 2952 23.83 3992 6.55E-05 97
16 1s2856790 12557384 c 1726 8.375 0.5203 3.02 2322 4084 4.42E-05 98
12 12-85389759 85389759 G 1768 8.369 0.5024 3.126 22.4 4228 2.35E-05 99
3 3-29881391 29881391 c 1745 8.209 04884 3.152 21.38 431  1.63E-05 100
3 3-29881550 29881550 G 1745 8.207 04884 3.151 21.37 431  1.63E-05 101
3 156443519 179112920 A 1723 8.199 05176 2973 22.61 4065 4.81E-05 102
2 2-79440423 79440423 G 1736 8.146 05165 296 2242 4061 4.89E-05 103
9 9-26597745 26597745 A 1692 8.107 04926 3.087 21.29 4248 2.16E-05 104
10 10-55210159 55210159 A 1734 8.027 0.5261 2.862 22.51 3959 7.54E-05 105
2 157568908 79462538 T 1707 7.903 05157 2.876 21.72 4008 6.11E-05 106
7 7-54640120 54640120 T 1753 7771 04985 2925 20.64 4113 3.90E-05 107
7 7-54633747 54633747 G 1752 7766 0.4984 2924 20.63 4112 3.92E-05 108
7 7-54635902 54635902 A 1752 7766 0.4984 2924 20.63 4112 3.92E-05 109
7 7-54638869 54638869 G 1752 7766 0.4984 2924 20.63 4112 3.92E-05 110
7 7-54638903 54638903 G 1752 7766 0.4984 2924 20.63 4112 3.92E-05 111
2 152544538 15825910 A 1737 7707 05184 2.79 2129 3939 8.19E-05 112
8 8-58130916 58130916 A 1732 7.601 04593 3.09 18.7 4416  1.01E-05 113
2 2-15828311 15828311 A 1738 7563 05184 2.738 20.89 3903 9.51E-05 114
19 19-55065301 55065301 c 1732 7557 05053 2.807 20.34 4003 6.26E-05 115
2 2-21318018 21318018 A 1728 7553 04896 2.893 19.72 413  3.63E-05 116
2 2-15838147 15838147 G 1716 7549 05177 2.737 20.82 3905 9.43E-05 117
20 20-55029650 55029650 c 1702 7534 04877 2.897 19.6 4141  3.46E-05 118
20 20-55029675 55029675 c 1702 7534 04877 2.897 19.6 4141  3.46E-05 119
2 1557446887 21316772 c 1725 7528 04896 2.884 19.65 4123 3.74E-05 120
2 1510203465 81260623 c 1748 7519 04849 2907 19.45 4161 3.17E-05 121
2 2-15840134 15840134 c 1709 7507 05177 2.722 2071  3.894 9.86E-05 122
14 1498055995 98055995 A 1742 7502 04786 2936 19.17 4211 2.55E-05 123
14 1498056427 98056427 c 1742 7502 04786 2936 19.17 4211 2.55E-05 124
1 1s2805873 57713578 A 1713 7499 04683 2995 18.78 4302 1.69E-05 125
2 2-15833678 15833678 G 1724 7499 05177 2.718 20.69  3.891 9.96E-05 126
7 7-54624309 54624309 G 1754 7487 04964 2.83  19.81 4056 5.00E-05 127
7 1511982678 54625449 A 1754 7487 04964 2.83  19.81 4056 5.00E-05 128
2 2-21321893 21321893 A 1729 7413 04883 2.847 19.3 4102 4.09E-05 129
2 157602629 21323199 A 1729 7413 04883 2.847 19.3 4102 4.09E-05 130
14 1498042176 98042176 G 1743 7.407 04779 2903 189 419  2.79E-05 131
3 1512636997 29874808 G 1712 7351 05042 2.737 1975 3957 7.60E-05 132
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TABLE 4-continued

CHR SNP LOCATION ALLELE TESTED SAIOR SE 195 U95  STAT P.value SNPID#
14 1512431810 98044037 A 1744 733 04777 2874 187 417  3.05B-05 133
8 8-91414191 91414191 A 1707 7312 04836 2.834 18.86 4.114 3.88E-05 134
2 1312047 21328107 A 1686 7236 0.4866 2.788 18.78  4.067 4.76E-05 135
20 rs2297429 61699516 T 1726 7208 0506 2.673 19.43 3903 9.49E-05 136
3 3-29883350 29883350 A 1751 7.182  0.4669 2.876 17.93 4222 242E-05 137
2 2-81311658 81311658 C 1750 7.18  0.4836 2.783 1852  4.077 4.57E-05 138
3 1s12638932 29882677 T 1749 7171 04669 2.872 17.91 4219 245E-05 139
3 3-29881826 29881826 C 1748 7.166 0.4669 2.87 17.89 4218 247E-05 140
2 rs1986414 201199695 A 1711 7.164 0.4573 2924 17.56 4306 1.66E-05 141
3 3-29884382 29884382 C 1758 7.126 0.4674 2.851 17.81 4202 2.65E-05 142
2 12219366 81318138 A 1748 7.118 04834 2.76 1836 406  4.90E-05 143
19 19-55069295 55069295 C 1732 7.111 05022 2.658 19.03 3.906 9.37E-05 144
9 9-17634306 17634306 T 1755 7.102 05027 2.651 19.02 3.9 9.63E-05 145
10 1s1886951 2425384 A 1686 7.085 0.456 2.899 17.32 4294 1.75E-05 146
19 19-55072907 55072907 T 1735 7.054 0502 2.637 18.87 3.892 9.95E-05 147
TABLE 5
SEQ
AL- SNP ID
CHRSNP LOCATION LELE ID#NO:Sequence

22 rs5768434 46977516 T 40 40 TTTGTATCTAATGTTTATATTcttta[C/Tlgcttgaaactatttgaagcatteta

12 rsl1064477 6944626 A 41 4

[

AGCCTTCCCAGCTTGGGTCCTGTTTC[A/G]GAGCCCAGGCCTTGCTTCCCCTTAG

i

rs1886629 194421521 o 44 42 GAATCTCCAAGTTAATTTTTTCATTG[C/T]TTACCCTTTATTACTGCATGAAGTC

N

rs7588295 166115757 G 45 4

w

ACTTTTTTTTTTCAATTCTGAAATCA[A/G]CTTCTTAGATCTACTTTTCCTTACC

s

rs4431170 165504024 G 46 44 TGAAACCAAACTATAAACTACTTCTT[A/G]TCTTTGTGAGAGAAT TCCAGGGCAC

[

rs7740004 120897902 A 47 45 TACAACTCTCAAGAAGCAATCTTTTT[A/ T]TGGCAGGAAGCTGCATGAGTGATAA

10 rs11189381 99553188 o 48 4

o

GCTGGCTTCTTCTTAATCAGAACTGC[C/ T|CTTAGCTTCAAGAGAGGCTGGAARAA

15 rs12903202 56094085 G 49 4

~1

CACTGATGCTAAGGCAAGAGTTATCG[A/G]TAGCCCAAGCTCTGGCTAGTATCCA

18 rsl7751934 47455812 T 50 48 ATAGAATAAATAAGGTAACAGGTAAT[C/T|TAAACAAAGAGAAAAATATCTATTT

w

rs7613687 60124976 T 52 49 GGGAAATGAATCCCTGGCAGGATGGA[C/T|ATTAACCAAACACCTAACACATCAG

w

rs7634338 8864809 o 53 50 GGGAATATATGGTATTAATGAAAGCA[C/T|TGCTACACCTAGGTACCCCATACCT

w

rs7612449 181586884 T 54 51 TTAAGTTATTGCTATCCTATCCTTCT[C/T|CAAAGAGCTTTTCTTCTGTTTTTTA

s

rsl10029016 8496903 A 55 5

N

gtggaaggatggttaccagagggtgg[A/Glaaggggagtggagggttgggggaga
12 rel0505722 1102632 G 56 53 AATGATAAGCTTAAGAAAATACAAGC[A/C/G/T]TAAGTATGGCTCTTAATACGCTAGA

14 rs2332834 71952831 o 57 5

'Sy

GTCTCCTTTTCTTCTTGTCCCCTGCT[C/ T]TCAGCTCTGAATGAGAARAGTTTTG

~1

rsl10271074 78589212 G 58 55 TATAAAGTCATCCTACTTTCTCTTTC[A/G]TACTTTCAAAAGTTGGTATTCAGTA

i

rs4951362 202580842 o 61 56 GGCGAGAAAGACATATGTGGATGGAA[C/T|ATTTCAGAACAACTTGTATTTCCAA

N

rs62153910 96382119 T 62 57 CTACACTTGGGGTCCCAGAAGAGCTG[C/T]CCCCTCCTGCACATTTCCAATGCAG

15 rs7176436 56752223 G 68 58 TTATGAAAAGGCTGTGAAGCTGAAGA[A/G|AAACTAAGAAATGGATATTGCTGCA

i

rsl1l7127107 65099496 G 70 5

0

GTGGTTCATCTCATAGCAGACTTGCT[C/G]TAGAAGGTGAAACTCCCGGATTTTA

N

rs62156621 79426168 A 72 6

o

CACTCACACTTGTCCAGAGTTTCCTC[A/T]TGCTTTCTACTCTTCTGAAATCCTG

N

rs921245 137980811 o 73 61 TAGCTTCCACAACATTCCCAGGCTAC[A/G]AGAGCTTACAGTCCATTAGCACTGA

i

rsl1736563 169371174 A 77 62 TTAAATCACAAATGCAGTCTCAATCC[A/G|GAAAATAGATCCCATCATATGTGAT

12 rs4639998 85442168 T 85 63 tctttctcatatttatgtgettectt[C/Tlaggagectctagtaaggecaggtetygg

s

rs7669796 160863851 G 86 64 gccaaggggtgcctgcaggeccatge[G/Tlgagecacectecagacctectteage

12 rsl7653326 85528244 A 87 6

ul

AGGAGGATATATAACCCTGGCTTGAA[A/G|AAGATGGAGATAGCTACAAGAGATG

0

rsl17057133 73509497 o 88 6

[

GTTGGACGGATACTCATCTCGTGTAA[C/ T|GGTCATAGAAAGATTCTGAGTGCTC
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TABLE 5-continued
SEQ
AL- SNP ID
CHR SNP LOCATION LELE ID#NO:Sequence
16 rs3135009 12556820 T 89 67 CTCATGTACGCAGGGTGTTTCCCTAG[C/T|TGACATGTCTGAGGACGTCTTTCGT
2 rs2544530 15820699 G 91 68 TTCCAAACCCGGCTTTCCCTCATTTG[A/G]TCCTCAAACACCCCATCGGGGGGCT
8 rsl16915413 94070482 A 92 69 TAGCCATTGACAAACCCTGTAGACAT[A/G|AGAATTTAATATGTGATAAAGATAA
16 rs2856790 12557384 o 98 70 CACTTGTCCTGTGGACTCATGCCATG[C/T]CACCGTAGTGCTGAGTGACGCTTAA
3 rs6443519 179112920 A 102 71 ttcatgctaaaaactctgaataaact[A/Clggttttgatggaatgtatctcaaaa
2 rs7568908 79462538 T 106 72 TAGCAATGCAAGCATGTTTGCCTTCA[G/T]ATAGCTAAATGACTGCgtgattygct
2 rs57446887 21316772 C 120 73 TTATTCCTATGCTTGTTGGCTGCATG[C/T]ATGTCTTCTTTTGAAAAGTGTATCT
2 rsl10203465 81260623 C 121 74 tggtaataattacaagaaaaatgtct[C/G]tacatgttcagtataaatgcaacct
1 rs2805873 57713578 A 125 75 TGGCTTCCTGGGTGCAACATCCGGAC[C/T|GATGTCTTTTATTGTTGTTATTGtt
7 rsl11982678 54625449 A 128 76 tatacacacacatataATTAATGCTA[A/G|AAGGCTATACACAGGAACACTATTG
2 rs7602629 21323199 A 130 77 gaggcctecaggaagcttttactgatg[A/Glctgtaggcaaagtgagagcaggeac
3 rsl2636997 29874808 G 132 78 AAAAAATTTCATCTTATATGTAGTAC[A/G]TAGTAATCTATAAATATAAAATACA
14 rs12431810 98044037 A 133 79 ATGTTGAGATAGTAGCACAGGAGGCC[A/C|GGGATTTATT TGGGTTATACACAGA
2 rs312047 21328107 A 135 80 AAGAGAGAATCAAAAGGCAGGTCCTC[A/G]|CAGCAGGCGCTGGGACATCTGTATC
20 rs2297429 61699516 T 136 81 ACAAGAAAGCAAGAGCTGCCAGGGCC[C/T]CTTCCAGCAGGGAGGCTGACCCTGC
3 rsl2638932 29882677 T 139 82 AAGCTTCTGactgttaagggtgatgg[A/T]tatgttcattatcttgacaatggty
2 rsl1986414 201199695 A 141 83 CCTGTGCAAATGAAATGCTCATCCCC[A/G|CAAAGAAGGAATATGGGGCTGGCAG
2 rs2219366 81318138 A 143 84 CACCAAACACACATACATACACATTT[A/G|TAGCATTTTGGAGCTAGAAAAGCT
10 rs1886951 2425384 A 146 85 CAGCAGCCACTCCTGGCAGAACCCCT[C/T]CTCCCATGCCAGCCACCCTCTTGAG

5.2 Methods of Treatment/Diagnosis

The present invention provides for a method of determin-
ing whether or not a human subject is at increased risk for
developing ARONJ comprising determining whether nucleic
acid, e.g. genomic DNA, of the subject carries an allelic
variation or SNP that is a ARONJ biomarker, as described
above, for example, by determining the nucleotide sequence
ofatleast a portion of the DNA of the subject and determining
whether a variant SNP which is a ARONJ biomarker as set
forth above is present, where the presence of said ARONIJ
biomarker indicates that the subject is at increased risk for
developing ARONI. If a subject is at increased risk of devel-
oping ARONI, the subject may be cautioned/warned to
abstain from use of an anti-resorptive agent, such as a BP or
Denosumab, avoid dental surgical procedures, or be fre-
quently examined for early detection of ONJ (and then ces-
sation of BP treatment or other therapeutic measures).

In non-limiting embodiments, the present invention pro-
vides for a method of determining whether a human subject is
at increased risk for developing ARONJ comprising deter-
mining whether the genomic DNA of the subject carries an
allelic variation of a gene selected from the group consisting
of the human RBMS3 gene, the human IGF1R gene, the
human IGFBP7 gene, the human DPYD gene, the human
ABCC4 gene, or the human GSTM2 gene, where the pres-
ence of said allelic variation indicates that the subject is at
increased risk for developing ARONJ. In particular non-lim-
iting embodiments, the allelic variations may be in regions or
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subregions of those genes as described above, in SNPs rep-
resented in TABLES 1, 2 and 3, or in SNPs rs11934877,
rs17761305, rs10875055, rs1189437, or rs673151.

In non-limiting embodiments, the present invention pro-
vides for a method of determining whether a human subject is
at increased risk for developing ARONJ comprising deter-
mining whether the genomic DNA of the subject carries a
SNPs set forth in TABLE 4 (i.e., any one of SNP ID #40-147
or combinations thereof), where the presence of the indicated
allele of the SNP indicates that the subject is at risk for
developing ARONIJ.

The present invention further provides for a method of
treating a human subject suffering from osteoporosis, com-
prising: (i) determining whether the human subject is at
increased risk for developing ARONJ comprising determin-
ing whether the genomic DNA of the subject carries an allelic
variation that is a ARONIJ biomarker, as described above, for
example, by determining the nucleotide sequence of at least a
portion of the DNA of the subject and determining whether a
variant SNP which is a ARONIJ biomarker as set forth above
is present, where the presence of said ARONJ biomarker
indicates that the subject is at increased risk for developing
ARONUJ; and (ii) if the subject is at increased risk for devel-
oping ARONJ, recommending that the subject not be treated
with an anti-resorptive agent or be treated with an anti-resorp-
tive agent with relatively lower incidence of ONJ and option-
ally recommending an alternative treatment for osteoporosis,
such as, but not limited to, calcium supplementation, exer-
cise, and/or (iii) if the subject is at increased risk for devel-
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oping ARONJ, recommending that the subject not undergo
bone invasive dental procedures; and/or (iv) if the biomarker
studies suggest that the subject is not at increased risk of
ARONUJ, initiating or continuing anti-resorptive therapy.

In a non-limiting embodiment, the present invention pro-
vides for a method of treating a subject suffering from
osteoporosis, comprising obtaining the sequence of a portion
of nucleic acid collected from the subject to determine
whether the subject carries one or more single nucleotide
polymorphism indicative of an increased risk of anti-resorp-
tive therapy-associated osteonecrosis of the jaw selected from
the group consisting of the single nucleotide polymorphisms
set forth in TABLES 1, 2, 3 4 and combinations thereof, and
if the one or more single nucleotide polymorphism is absent,
treating the subject with an anti-resorptive agent.

The present invention further provides for a method of
treating a human subject suffering from hypercalcemia, com-
prising: (i) determining whether the human subject is at
increased risk for developing ARONJ comprising determin-
ing whether the genomic DNA of the subject carries an allelic
variant that is a ARONJ biomarker, as described above, for
example, by determining the nucleotide sequence of at least a
portion of the DNA of'the subject and determining whether a
variant SNP which is a ARONIJ biomarker as set forth above
is present, where the presence of said ARONIJ biomarker
indicates that the subject is at increased risk for developing
ARONUJ; and (ii) if the subject is at increased risk for devel-
oping ARONI, recommending that the subject be treated with
a BP that carries a relatively lower risk of ARONIJ or that the
subject not be treated with BP and optionally recommending
an alternative treatment for hypercalcemia, such as, but not
limited to, gallium nitrate, plicamycin (formerly mithramy-
cin), calcitonin, hemodialysis or peritoneal dialysis and/or
(iii) if the subject is at increased risk for developing ARONI,
recommending that the subject not undergo bone invasive
dental procedures and/or (iv) if the biomarker studies suggest
that the subject is not at increased risk of ARONJ, initiating or
continuing BP therapy.

In certain non-limiting embodiments, the present invention
provides for a method of determining whether a human sub-
jectis at increased risk for developing bisphosphonate related
osteonecrosis of the jaw comprising determining whether the
genomic DNA of the subject carries one or more allelic varia-
tion which is a SNP selected from the group consisting of the
SNPs set forth in TABLES 1, 2, 3 4 and combinations thereof,
where the presence of said allelic variation indicates that the
subject is at increased risk for developing ARONI. In certain
non-limiting embodiments, the SNPs include one, two, three
or four or at least two, at least three, or at least four of the
following: rs17024608 wherein A is substituted by Gy
rs17761305 wherein C is substituted by T; rs11934877
wherein T is substitued by C; rs10875055 wherein C is sub-
stitued by T; rs1189437 wherein A is substitued by C;
rs673151, wherein G is substitued by A; and combinations
thereof.

5.3 Kits

The present invention provides for kits that may be used to
practice the above methods for determining whether the
genomic DNA of a subject carries an allelic variation that is a
ARONI biomarker.

In certain non-limiting embodiments of the invention, a kit
may comprise one or more primer nucleic acid having a
sequence that is complementary to a nucleotide sequence
containing or in proximity to the location of'a SNP that is a
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ARONJ biomarker, as described above. For example, and not
by way of limitation, the primer may be extended across the
sequence having a SNP.

A “primer” as that term is used herein is a polynucleotide
that is at least 8 nucleotides, at least 10 nucleotides, at least 15
nucleotides, at least 20 nucleotides, or at least 25 nucleotides
in length (and may be, for example but not limitation, up to 20
nucleotides, up to 30 nucleotides, up to 40 nucleotides, up to
50 nucleotides, up to 100 nucleotides, up to 200 nucleotides,
up to 500 nucleotides, up to 1000 nucleotides, in length) and,
under reaction conditions, forms a hybrid structure with its
target sequence, due to complementarity of at least one
sequence in the probe or primer with a sequence in the target
sequence. The target sequence, in non-limiting embodiments,
may be at least 8 nucleotides, at least 10 nucleotides, at least
15 nucleotides, at least 20 nucleotides, or at least 25 nucle-
otides in length (and may be, for example but not limitation,
up to 20 nucleotides, up to 30 nucleotides, up to 40 nucle-
otides, up to 50 nucleotides, up to 100 nucleotides, up to 200
nucleotides, up to 500 nucleotides, or up to 1000 nucleotides,
in length. In non-limiting embodiments, the primer may be
identical to the complement of its target sequence, may be at
least 99 percent identical to the complement of its target
sequence, may be at least 98 percent identical to the comple-
ment of its target sequence, or may be at least 95 percent
identical to the complement of its target sequence, and may
optionally be fused to a second nucleic acid or other molecule
that is non-specific to the subject’s nucleic acid but that is
used in the detection assay (for example, for purification of
extended or amplified primer).

The target sequence may span the location of the SNP or
other allelic variation or may be in proximity to it (for
example, but not by way of limitation, within up to 20 nucle-
otides, or up to 50 nucleotides, or up to 100 nucleotides, or up
to 200 nucleotides, or up to 500 nucleotides, or up to 1000
nucleotides in genomic DNA or, if the SNP is located in a
transcribed region, in RNA or cDNA).

In a specific non-limiting embodiment of the invention, the
target sequence of a primer may be within 50 or within 100
nucleotides on either side of (i) the nucleotide that is the
location of the SNP or (ii) the other allelic variation, in a
genomic DNA, RNA or cDNA sequence.

One primer, as described above, may be used to generate a
test fragment by primer extension. Two such primers may be
used to generate a test fragment by polymerase chain reac-
tion. The placement of the primer(s) is/are such that the test
fragment comprises the location of the SNP or other allelic
variation. The resulting test fragment may be sequenced to
determine whether a SNP or other allelic variation of the
ARONJ biomarker is present.

In non-limiting embodiments, a primer used according to
the invention has a target sequence in (or is complementary to
at least a portion of or is at least 90 or at least 95 or at least 99
percent homologous to (as determined by standard software
such as BLAST or FASTA)) one of SEQ ID Nos 1-85.

In non-limiting embodiments of the invention, primer
extension may be used to extend a primer as described above
to generate a test fragment that comprises a nucleotide that is
the location of a SNP that is a ARONJ biomarker. In non
limiting embodiments, the sequence of the test fragment may
be determined so as to determine what nucleotide is present at
the site of the SNP.

In non-limiting embodiments of the invention, polymerase
chain reaction may be used to amplify a test fragment
between two primers (as described above), where the test
fragment comprises a nucleotide that is the location of a SNP
that is a ARONIJ biomarker.
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In non-limiting embodiments of the invention. a kit may
comprise at least one, or at least two, or at least three, or at
least four, or at least five, or at least six, or at least seven, or at
least eight, or at least nine, or at least ten, and optionally up to
five, optionally up to ten, optionally up to twenty, or option-
ally up to fifty, primer(s) selected from the group of:

primer(s) that may be used to generate test fragments that
comprise a nucleotide that is the location of a SNP listed in
TABLE 1, orin TABLE 2, orin TABLE 3; or in TABLE 4, and

primer(s) that may be used to generate test fragments that
comprise a nucleotide that is the location of a SNP or allelic
variation in the human RBMS3 gene, human IGF1R gene,
human IGFBP7 gene, human DPYD gene, human ABCC4
gene, or human GSTM2 gene, including the regions and
subregions described above, and including the SNPs associ-
ated particularly with each of these genes.

In a specific non-limiting embodiment, the kit comprises at
least one primer that may be used to generate a test fragment
that comprises the nucleotide that is the location of the SNP of
rs17024608, namely, the substitution of A by G in SEQ ID
NO:1=GATAGAATAGAACTATTTGATGTGG
A/GCCATGAG AATTTAAAAGTATCTGCA (bolded and
underlined), where the presence of a G rather than A is indica-
tive on increased risk of ARONI, together with a package
insert that describes the association between this SNP and
ARONUJ. Said kit may optionally comprise at least one primer
that may be used to generate a test fragment that comprises
the nucleotide that is the location of a SNP of a human gene
selected from the group consisting of IGF1R, UGFBP7,
DPYD, ABCC4, GSTM2, SNP ID #40-147, or combinations
thereof. For example, said kit may further comprise at least
one primer that may be used to generate a test fragment that
comprises the nucleotide that is the location of the SNP of
rs17761305 corresponding to position 57934091 of chromo-
some 4, as represented by the substitution of Cby T in SEQ ID
NO:20. As another example, said kit may further comprise at
least one primer that may be used to generate a test fragment
that comprises the nucleotide that is the location of the SNP of
rs11934877 corresponding to position 57941026 of chromo-
some 4, as represented by the substitution of T by Cin SEQ ID
NO:19.

In certain non-limiting embodiments of the invention a kit
as described above comprises primers having, as target
sequences, ARONJ biomarkers as set forth above, where said
primers for ARONIJ biomarkers are at least 20 percent, or at
least 30 percent, or at least 40 percent, or at least 50 percent,
or at least 60 percent, or at least 70 percent, or at least 80
percent, or at least 90 percent, ofthe primers present in the kit.
In such embodiments, the kit is directed toward detecting
ARON/J-associated markers and does not include a majority
of primers that are not ARONJ-associated, although primers
to serve as controls, for example, may be included (in non-
limiting embodiments, the percentage of non-ARONI asso-
ciated primers may be up to 50 percent, or up to 40 percent, or
up to 30 percent, or up to 20 percent, or up to 10 percent, or up
to 5 percent).

In certain non-limiting embodiments, a kit for detecting
ARONIJ biomarkers may comprise at least one primer that
may be used to generate a test fragment that comprises the
nucleotide that is the location of the SNP of rs17024608,
namely, the substitution of A by G in SEQ ID NO:1=GATA-
GAATAGAACTATTTGATGTGGA/GCCATGAG AATT-
TAAAAGTATCTGCA (bolded and underlined), where the
presence of a G rather than A is indicative on increased risk,
together with one or at least one primer for another ARONJ
biomarker set forth above.
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In certain non-limiting embodiments, a kit for detecting
ARONJ biomarkers may comprise at least one primer that
may be used to generate a test fragment that comprises the
nucleotide that is the location of the SNP of rs17024608,
namely, the substitution of A by G in SEQ ID NO:1=GATA-
GAATAGAACTATTTGATGTGGA/GCCATGAG AATT-
TAAAAGTATCTGCA (bolded and underlined), where the
presence of a G rather than A is indicative on increased risk,
together with two or at least two primers for other ARONJ
biomarkers set forth above, for example, but not limited, to
one, two, three or four or at least two, at least three, or at least
four of the following: rs17761305 wherein C is substituted by
T; rs11934877 wherein T is substitued by C; rs10875055
wherein C is substitued by T; rs1189437 wherein A is sub-
stitued by C; rs673151, wherein G is substitued by A; and
combinations thereof.

6. EXAMPLE

6.1 Materials and Methods

This research involves an observational, hospital-based,
epidemiologic case control study. The research protocol was
reviewed and approved by the institutional review boards
(IRB) of the participating institutions. Human subject partici-
pation required the signing of a written informed consent, as
approved by each institution’s IRB. The study base of this
case control study consisted of individuals who had received
bisphosphonates, and who had received care in the clinics of
the Massachusetts General Hospital (MGH), the Brigham &
Women’s Hospital (BWH), the Harvard School of Dental
Medicine (HSDM) and its affiliated clinics, and the Nova
University Dental School in Florida. In addition to providing
their signed consent, individual participants were required to
have the ability to answer to a questionnaire, and to provide a
saliva sample. No individual was excluded from the study on
the basis of gender, religion, political or sexual orientation, or
minority group membership.

The identification of cases and controls occurred at the
level of the recruiting clinic. Initially, electronic medical
records and clinical notes were searched to identify bisphos-
phonate users. Among the bisphosphonate users, confirmed
ONJ cases and unaffected controls were identified and invited
to participate in the study by means of an introductory letter.
Letters were mailed at the home address of record for all
subjects. Three weeks after the initial mailings, a second wave
of follow-up letters were sent, followed with telephone calls.
Because of multiple co-morbidities, participants were offered
the option to participate over the mail or to visit the clinic for
anin-person session. Further, research visits were arranged to
coincide with scheduled visits in the Oncology wards, when
possible. To avoid misclassification of the disease among the
controls (avoiding classifying persons with osteonecrosis as
unaffected healthy controls) intra-oral examinations were
performed on all controls that expressed a willingness to
participate. Both cases and controls used the exact same
research instrument and same saliva collection method. The
research instrument contained questions on the following
fields: demographics, including gender, race, ethnicity and
availability of medical insurance; recent radiation to the head
and neck (a positive answer would exclude them from the
study); exposure to risk factors such as tobacco and alcohol
use; co-morbidities, including cancer, osteoporosis and vari-
ous autoimmune diseases; use of certain medications such a
steroids, statins or thalidomide; details of their bisphospho-
nate use; having interventional dental procedures prior to
ONIJ, such as implant placement or dental extractions; and
details on the osteonecrosis of the jaw, including symptoma-
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tology and recurrence. The saliva collection method utilized
the Oragene DNA collection kit (DNA Genotek, Canada).

Following recruitment, the saliva kits were mailed in one
batch to the genotyping facility. DNA was extracted follow-
ing the manufacturer’s recommended protocol. High
throughput genotyping was performed using the Human
Omni Express 12v1.0 Beadchip (Illumina, San Diego)
according to the manufacturer’s protocol. The Human Omni
Express 12v1.0 Beadchip captures 731,442 markers, repre-
senting more than 91% of human variation for major alleles
with frequencies above 5% in Caucasians.

All genetic data was imported at the Columbia University
Medical Center Division of Bio-informatics computer cluster
for statistical analysis. After converting the Final Report file
format (standard export format from Illumina’s GenomeStu-
dio) into ped and map files, all downstream analyses was
carried out in PLINK software [5].

To test the quality of the genotyping and to decide the call
rate thresholds (both per sample and per marker), the miss-
ingness rate was checked by individual and by SNP (locus),
respectively. All samples had call rates greater than 95%.
39,456 SNPs with MAF (minor allele frequency) less than
0.01 were excluded as alleles with such low frequency they
would have no chance of approaching significance in this
study. PLINK was used to test for Hardy Weinberg Equilib-
rium and SNPs were excluded that deviated from HWE at a
p<0.0000001. Cryptic relatedness was tested for by estimat-
ing the identity-by-descent (IBD) for all possible pairs of
individuals. To estimate the effect of population structure, the
smartPCA program from the EIGENSTRAT package (ver-
sion 3.0) [6] was used to conduct Principal Components
Analysis (PCA) in order to expose population structure of the
ONI study group. This process was repeated when looking
for additional genetically—matched population controls in
publically available GWAS datasets. Subjects were selected
from POPRES [7], Wellcome Trust Case Control Consortium
[8], Ilumina iControlDB [9], and the international Serious
Adverse Events Consortium (iSAEC) [10]. All subjects
except the ones from iControlDB were genotyped using Illu-
mina 1M or 1M-duo chips, and the subjects from iControlDB
were genotyped using I1lumina 500K chip. SNPs from known
regions of long-range linkage disequilibrium (LD) [11] were
removed before conducting PCA.

The association of single SNPs were tested primarily using
logistic regression with the PCA eigen values as covariates
under an additive model. The Cochran-Mantel-Haenszel
stratified test was also utilized. Both tests take into account
the population structure to minimize inflation of test scores.
Standard case-control association analyses set the signifi-
cance p-value at the p<§x10-8 level, with the exception of a
candidate gene analysis that used less stringent correction.
The candidate gene sub-analysis focused on certain genes
that were considered to be of interest, including the Insulin-
like Growth Factor (IGF) family, and several ADME genes
[12].

Subsequently the genotypes of 30 Caucasian ONJ cases
and 1,743 controls from the “extended study group” (de-
scribed in more detail in the Results section) were imputed
using IMPUTE2 [13] (version February 2009), with data
from the 1000 Genomes Project (112 individuals, release
number March 2010) and HapMap 111 (June 2010, all ethnic-
ity) as the reference panels. Only the imputed genotypes with
posterior probability (reference) of greater than 0.9 were
retained. All known SNPs with poor quality were pruned
before the imputation to avoid false positives. The genome
was divided into 5000 bp length segments and was imputed
using ethic mixed panels to increment the quality of the
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imputation for rare variants. Stringent QC was carried out on
the imputed genotypes. Copy number variations (CNVs)
were subsequently inferred from SNP chip data using
PennCNV software (April 2009 version) [14]. To ensure the
accuracy of CNV calling, stringent sample and CNV filtering
procedures were applied. All samples were included that had
a LRR standard deviation <0.5, maximum number of total
CNV calls <50, BAF median >0.55 or <0.45, BAF drift >0.01
or WF>0.05 or <-0.05 (default parameters). Additionally, to
ensure high-confidence CNVs, individual CNVs with
PennCNV-generated confidence score <10; those with calls
based on fewer than 10 SNPs/CNV probes; and those with
span within 1 Mb from centromeres or telomeres, were
excluded.

6.2 Results

Recruitment. A total of 67 individuals were recruited in the
period 2008-09. Of those, 32 were female cases with a mean
age of 62.8 years; 15 were female controls with a mean age of
64.8 years; 5 were male controls with a mean age of 63.6
years and 15 were male cases with a mean age of 64.8 years.
The majority of the cases (28/47) and controls (13/20) had
received zoledronic acid, with an average duration of 22.5
months. The mean months on zoledronic acid was higher in
cases than in controls, but the difference was not statistically
significant. Similarly, there was no significant difference
between cases and controls in mean months on zoledronic
acid for the 14 subjects that reported a positive history of
osteoporosis. Of the 67 individuals that participated in the
study, we were able to extract DNA from 53 samples; 35
patients with osteonecrosis of the jaw and 18 treatment-tol-
erant controls.

Population structure and selection of genetically matched
population controls. In order to identify the ethnicity of the
members of the ONIJ study group, the genotype data of the
original study group, also referred here as “ONI study group,”
was combined with that of 987 HapMap III subjects, which
include subjects from 11 populations. Six individuals were
found to not cluster with the Caucasian (CEU and TSI) Hap-
Map III samples, including three apparent African Ameri-
cans, one possible Mexican and two subjects with mixed
ethnicity. To increase sample size, additional genomic data
was introduced for various classes of controls. More specifi-
cally, the genotypic results of the 47 Caucasian subjects
(cases and controls) in the original study were merged with
that of a selected European study group to separate sub-
populations among Europeans. The members of the European
study group were selected from publicly available datasets
genotyped with the [llumina 1M or 1M-duo chips (POPRES,
WTCCC and iSAEC study groups), representing sub-popu-
lations among Europeans. This analysis showed that the Cau-
casian subjects clustered with individuals of northwestern,
southern and eastern European descent (FIG. 1A-B). Based
on the eigen scores of the first two principal components,
1,122 genetically-matched population controls were selected
to form the “combined study group”.

To further increase the number of genetically matched
controls, especially subjects of Eastern European origin, the
combined study group was merged with 2,978 Caucasian
samples from the iControlDB dataset and PCA was used to
cluster all samples together. From this merged study group,
the closest controls for each case were selected based on the
eigen scores of the first six principal components to form the
“extended study group”. Finally, the Caucasian ONJ study
group was merged with 101 treatment-tolerant cancer sub-
jects from a dataset available via dbGAP to form a “treatment-
matched study group” [15] that contains our 30 ONIJ cases
and a total of 118 treatment-tolerant controls; of the 118
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controls, 101 come from the dbGap phs000210.v1 and 17
come from our original ONIJ study. Considering recent evi-
dence about the rarity of ONIJ, the Extended study group was
combined with 27 additional Eastern European subjects taken
from phs000210.v1 study group to form the final study group.

Discovery Phase. The Caucasian ONIJ study group con-
tains data from 30 Caucasian cases and 17 Caucasian treat-
ment exposed controls. In total, 631,507 SNPs passed quality
control. Logistic regression was used to quantify the Odds
Ratio and the 95% Confidence Interval of each SNP using the
eigen score from the six significant components as covariate
to control for population structure. Given the small sample
size, single marker association was tested by the Fisher Exact
test. TABLE 6, below, summarizes the findings from the
genome wide association analysis. This process as repeated
comparing the data from the 30 Caucasian cases with various
sets of controls, as explained above. Statistical tests of asso-
ciation in all genome-wide association sub-analyses failed to
reach statistical significance (genome-wide level of p<5x10-
8). Several markers reached borderline significance at the
p<5x10-7level, such as rs8012823 at DPF3; rs11802277 at
AL365331.2; rs1075417818.1; rs11189381 at RP11-
459F3.3; rs6861122 at AC022120.1; rs4431170 at
MARCHI1; rs13096022 at GRM7, and several SNPs
appeared consistently in the lists of the 10 top associated
genes across the various analyses, suggesting possible
involvement in the etiology of ONJ. See Appendix for the 10
most associated SNPs of each analysis, along with ORs,
p-values, QQ plots and Manhattan plots for each of the dif-
ferent case-control comparisons (caucasian ONJ study group;
combined study group; extended study group; treatment
matched study group; and, final study group).

Imputation Analysis. Prior to statistical evaluation a qual-
ity control routine was followed that included first using the
-png-miss option to fill in the missing genotype and then
calculating the Average Posterior Probability (APP) of
imputed genotypes for each SNP. APP gives a broadly indi-
cation of the accuracy of imputed genotypes of a particular
SNP. This parameter ranges from O to 1, where 1 means the
complete certainty of the called genotype. SNPs with APP
<0.9 were discarded. The difference of missingness was
tested between cases and controls and the signal intensity was

assessed manually using GenomeStudio to access the quality
of genotype calls on subjects where the SNPs were geno-
typed.

Using imputation, 3,542,142 SNPs were analyzed and
their association with the risk of ONJ was tested using logistic
regression on the extended study group, with six eigenvalues
as covariates to control for population structure. Two signifi-
cant SNPs at the p<5x10-8 level, rs17425952 and rs233723,
did not pass quality control, and were therefore discarded as
non-significant. One significant SNP was found located in an
intron of gene RBMS3, rs17024608, to be associated with an
Odds Ratio of 5.4 (p=7.5x10-8). Rs17024608 was present in
the genotype data of the combined study group, with a p-value
of 7.3x10-6 (logistic regression). It was not present in the
genotype data of the extended study group because it was
pruned for not passing the missing rate threshold (>2% of
missing data). Rs3821577, the best proxy of rs17024608 on
the SNP chips (r2=0.14), showed association P-value of 1.0x
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10-5 (logistic regression). In the treatment matched study
group, rs17024608 showed an association P-value=1.4x10-5
(OR=5.6, logistic regression). TABLES 7 and 8 summarize
the genetic characteristics of rs17024608 and its statistical
parameters across the various datasets. FIG. 4 presents the
Manhattan plot of the region surrounding the SNP.

CNV Association analysis. Burden and common copy
number variants association analyses were performed. Asso-
ciations were tested using two tails permuted (x10,000) Fish-
er’s exact test analysis using the PLINK software, by consid-
ering duplications and deletions separately. Singleton
oversized CNVs larger than 700 kb were investigated to find
evidence for individual predisposition to ONJ. All CNVs
were excluded that had coverage smaller than 20 genetic
markers/CNVs. All analyses were performed on the Cauca-
sian subjects.

After the stringent QC, one subject was excluded from the
association analysis. Fifty two individuals (33 cases and 19
controls) passed stringent quality-control criteria for CNV
calling; 431 CNVs were called, of which 71 were duplica-
tions and 360 were deletions. Cases and controls did not differ
significantly in their rate of CNVs for both deletions and
duplications. After multi-test correction, none of the common
CNVs had a significant association. However, two unique
oversized (greater than 700 kb) duplications were found in
cases, and none in controls (TABLE 9). The duplications
were found on chromosomes 2 (925,407 bp) and 22 (730,236
bp) respectively.

Candidate Genes Analyses. Genes of the IGF gene family
and genes related to drug-Absorption, Distribution, Metabo-
lism and Excretion (ADME) were considered of interest at
the inception of this study. With regard to the IGF gene family,
1,083 SNPs located within 20 kb of the candidate genes were
available in the treatment-matched study group. FIG. 5A
shows the QQ-plot for this set of SNPs. The most significantly
associated SNPs were rs11934877 (OR 4.128; 95% CI:
1.918-8.885, p-value=0.0002), intronic to IGFBP7 (FIG. 5B.
2,564 SNPs close to genes related to drug-Absorption, Dis-
tribution, Metabolism and Excretion (ADME) [16] were also
extracted. FIG. 6 A shows the QQ-plot from those SNPs. The
most significantly associated SNP was rs10875055
(OR=4.324; 95% CI. 1.999-9.353, p value=0.0002001),
which is intronic to DPYD (FIG. 6B). The same two panels of
markers were retrieved for the extended study group logistic
regression results. Data on 867 candidate IGF SNPs and
1,247 ADME SNPs were available for analysis. FIGS. 7A and
8A show QQ plots respectively for the TOP candidate and
ADME SNP panels. Top associated candidate SNPs were
rs11934877 (OR=2.95; 95% CL 1.66-5.25,
p-value=0.00022) intronic close to gene IGFBP7,
rs17761305 (OR=2.88; 95% CI: 1.64-5.07, p value=0.00023)
intergenic SNP close to IGFIR (FIG. 7B). Top associated
ADME SNPs were rs1189437 (OR=4.64; 95% CI: 2.06-
10.46, p value=0.00021), intronic within ABCC4 (FIG. 8B).
The same two panels of markers were analyzed in the Final
study group (FC) via logistic regression. Data on 967 IGF
candidate SNPs and 1,382 ADME SNPs were used. The top
associated SNP was rs673151, intronic in GSTM2 gene, with
a OR=3.57; 95% CI: 1.77-7.21, p-value of 0.00035. FIGS. 9
and 10A show QQ plots respectively for the IGF candidate-
and ADME SNP panels.
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TABLE 6

Genome Wide Association Study Results (ten most significant SNPs) for Caucasian ONJ Study Group

ancestral

SNP P OR (%95) chrom Coordinate type allele closest gene
158012823 5.66E-07 0.09 (0.03-0.24) 14 73273544 INTRONIC T DPF3
1511802277 7.38E-07 33 (4.2-257.1) 1 1.18E408 DOWNSTREAM G AL365331.2
156900513 1.17E-05 0.12 (0.044-0.32) 6 66333105 INTRONIC C EYS
1510781262 1.80E-05 0.12 (0.046-0.33) 9 77650696 INTERGENIC A C9orfal
151471646 1.93E-05 11.05 (3.04-40.08) 1 1.99E+08 WITHIN_NON_CODING_GENE C RP11-382E9.1
154870310 2.29E-05 0.11 (0.040-0.31) 6 1.55E+08 DOWNSTREAM T RP11-15G8.1
1510875148 2.42E-05 23.57 (3.02-183.9) 1 98859508 INTERGENIC G AL160056.1
154562759 2.65E-05 8.7 (2.95-25.63) 10 83835639 INTRONIC T NRG3
154878512 2.71E-05 9.16 (2.87-29.26) 9 27630418 INTERGENIC A RP11-53518.1
151873291 3.18E-05 0.1423 (0.055-0.36) 6 66344855 INTRONIC C EYS

TABLE 7 pies now exist to correct such deficiencies [17]. IGF1 and

IGF2 are able to influence the replication and differentiation

MAF of 1517024608 among different groups of subjects of'bone cells through activation of their receptors, especially

caucasian selection (# samples) MAF 20 IGF1R, which plays a role in the cell cycle [ 18-19]. However,
IGF2R seems to have a pro-apoptotic effect since it binds
zgie;o(l‘z 0()1 743) %ggg s IGF2 e.lnd.thus redu.ces available ligand levels for IGF1R [20].
exposed controls (118) 0.06356 IGF-binding proteins (IGFBPs), produced by bone cells,
EE exposed and general population controls (122) 0.02 compete with the receptors in binding the ligands and thus
EE general population controls 0.015 2 affect the bioavailability of IGF1 and IGF2. IGFBP-4 binds
IGFs and blocks their action, whereas IGFBP-5 promotes the
stimulatory effects of IGFs [21].

TABLE 8 DPYD polymorphisms have been associated with fluorou-
30 racil toxicity, especially with bone marrow and gastrointesti-
OR (CT = 95) of the top hit in all analyses. nal toxicity, mucositis and leucopenia. DPYD has also been
COHORT Model  OR 95% C1 P value linked to autism spectrum disorders, Barett esophagus and
adenocarcinoma [22-24]. A PubMed search on “DPYD gene
EXTENDED (30 vs 1743) ADD  5.371 (2.8-10.3) 4.25E-07 and bone” or “DPYD gene and necrosis” returned no results;
?EL)JG EXPOSED (30 vs ADD  7.102(2.731-18.47) 5.80E-05 ,5 this genotype may be potentially involved in the soft tissue

IMPUTATION (30 vs 1743)* ADD  5.825 (3.065-11.07) 7.47E-08 aspect of osteonecrosis’ pathogenesis.
DOM  6.483 (2.966-14.17) 2.79E-06 ABCC4, an ATP-binding cassette transporter gene, codes
REC  23.79 (5.518-102.5) 2.13E-05 for Multidrug Resistance Protein, (MRP4/ABCC4) a trans-

porter that actively effluxes endogenous and xenobiotic sub-
* On the imputation dataset the association of rs17024608 under dominant and recessive . T . .
models was tested. strates out of cells. Inherited variation in ABC transporters
has been associated with the occurrence of serious adverse

TABLE 9

CVN Details on Large Duplications (found solely in cases)

FIID CHR BP1 BP2 TYPE SCORE SITES length Start SNP  End SNP

ojn5111 2 132144891 133070297 DUP 53.9 102 925,407 15850234  rs16837705
ojnl304 22 19063495 19793730 DUP 360.7 205 730,236 16003971 1rs2845421

50
6.3 Discussion effects. For example, ABCC4 has been linked to cyclophos-
Osteonecrosis of the jaw is a serious adverse effect of phamide-induced adverse drug reactions in breast cancer
bisphosphonates, especially among cancer patients on patients, especially leucopenia/neutropenia. Currently there

zoledronic acid. For this vulnerable group, osteonecrosis of is no published information on MRP4 in bone phenotypes.
the jaw adds yet another burden to their already compromised 55 [25-26].

health, negatively affecting their quality of life. A test able to GSTM2 codes for the phase II detoxifying enzyme glu-
screen subjects for ONJ susceptibility prior to initiating bis- tathione-s-transferase, an enzyme that protects cells against
phosphonates would have a great clinical utility as it would toxic insults and enhances cell survival. While a direct effect
reduce the incidence of osteonecrosis. The present study on bone necrosis has not been described in the published
identified SNPs in the genes IGFIR, IGFBP7, DPYD, 60 literature, Owur and Kong (Biochem Pharmacol, 2002) have
ABCC4, and GSTM2, one or more of which may be used in raised the hypothesis that increased concentrations of certain
such a test. xenobiotics leads to gst-mediated apoptosis, with extreme

IGFs, especially IGF1 with its tyrosine kinase domain, are increases in concentrations leading to rapid cell necrosis. [27]
growth factors with potent signal transduction capabilities. Knowing that bisphosphonates are attracted to areas of active
Insulin like growth factors are molecules with important roles 65 bone loss or trauma, it is then plausible that localized spikes
in normal growth and development. IGF1-deficient children in bisphosphonate concentrations would lead to gst-mediated

fail to achieve appropriate height and pharmacologic thera- cell toxicity.
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The high throughput analysis of the present study was able
to identify only one strong signal in RBMS3, and several
weak signals in various genes. RBMS3 is a binding protein
that belongs to the c-myc family of genes. The protein is
located in the cytoplasm and it has two RNA binding
domains. It has been shown to bind Prx1, a homeobox tran-
scriptional factor that upregulates collagen 1 [28]. The effect
of the specific genotype in the etiology of osteonecrosis is
currently unknown; however, it is plausible that RBMS3
rs17024608 may be involved in reduced collagen formation
and the disruption of tissue repair.
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32

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 86

<210> SEQ ID NO 1

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gatagaatag aactatttga tgtggrccat gagaatttaa aagtatctge a
<210> SEQ ID NO 2

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

aaggcagacg tatggtgcca tgatgaratt gggtcccatg gaacacccaa tg
<210> SEQ ID NO 3

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

tgagaaatga cagaaaaact atatcaycag cagagaaaac atcttcttge tg
<210> SEQ ID NO 4

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

attgagggca ggcataagac ctcttgketa tcatcactag gtggctcata aa
<210> SEQ ID NO 5

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

tgacctagga aggcatacaa atagttmagt tggcgtcaca ctgtttatge at
<210> SEQ ID NO 6

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

actttcaatt ttctgaagaa atgtatwggg caactacatt aatattctte ag
<210> SEQ ID NO 7

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

ctcatggaaa agatggcaag attgttyagt ttgtgccaga attttectta at
<210> SEQ ID NO 8

<211> LENGTH: 52
<212> TYPE: DNA

51

52

52

52

52

52

52
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-continued

34

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

gtggtacttg ttccctttta tatcacytaa cataagtata atttcattge ac
<210> SEQ ID NO 9

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

tctatcttac aataattact caatatktte agcagactet gaaatctgeca ct
<210> SEQ ID NO 10

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

tcagctgaaa caactgtgtt attcagygta gtgtcttaat tggcagttac at
<210> SEQ ID NO 11

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

accatgagaa tttaaaagta tctgcayaaa ttgatgattt ggcatcagat aa
<210> SEQ ID NO 12

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

cttaataaat gtcttcaaag ctctcayagg ageccaagea tgtacacagt tg
<210> SEQ ID NO 13

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

getetgeegt ttettaggaa gttgtgraag atattggtet ttttgtgaat at
<210> SEQ ID NO 14

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

ccattaggat aaagaygagt gacctcaaaa a

<210> SEQ ID NO 15

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

tagtgggaaa gttttaaaga gaccgtyatt gagtgctttg atatgtttgt te

<210> SEQ ID NO 16
<211> LENGTH: 52

52

52

52

52

52

52

31

52
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-continued

36

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (27)..(27)

<223> OTHER INFORMATION: May or may not be present

<400> SEQUENCE: 16

gaagttgtgg aagatattgg tctttttgtg aatatgtatg acactattca tt
<210> SEQ ID NO 17

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

ctctcatgga gtctacatte taaggtytca taggaaacac atgtaacttt ac
<210> SEQ ID NO 18

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

tgcegtttet taggaagttg tggaagrtat tggtettttt gtgaatatgt at
<210> SEQ ID NO 19

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

taatctgtgt taaaacaata tagcatyatc tgetttgaat gcactaggca cc
<210> SEQ ID NO 20

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

ccectggaga ataattgata gggtagygaa aaatgtggat atcataaaat at
<210> SEQ ID NO 21

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

ttcatctcac taataagage tacccayccg cctttataca gaggttctca ga
<210> SEQ ID NO 22

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

gagtgtaatc ctaacaacaa ctcatgmaag tatttttgaa aagaatactt ga

<210> SEQ ID NO 23

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

52

52

52

52

52

52

52
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-continued

38

gaaagatgag gagatattca gaggatragt ggaagaaagg agggggaaaa ag

<210> SEQ ID NO 24

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 24

ctggagggcet tccaayggac tgatctettt g
<210> SEQ ID NO 25

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

gagagtgaga actgagtggg ctggggagct katggacttt accctgecat ttectaaccc

<210> SEQ ID NO 26

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

ttctttecat cttcartgaa atattttgec t
<210> SEQ ID NO 27

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

tcaggrttaa ¢

<210> SEQ ID NO 28

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 28

gataacctce aaagayttgg ttgtaatttt ¢
<210> SEQ ID NO 29

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

ttaaaaatca atttgyctte atcacagaca g
<210> SEQ ID NO 30

<211> LENGTH: 52

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

ttaataaagg gtaagattgg gctatcrtat ttgaattage agaatcactc ta
<210> SEQ ID NO 31

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

52

31

60

31

11

31

31

52
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-continued

40

gactcatctyg acttagaaat gggtggrtga aaagaatctt cactcactat gt

<210> SEQ ID NO 32

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

ctegttgttt ttetggeact acaagaygtt ccaggttcat cttatatatt ct
<210> SEQ ID NO 33

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

tattttctaa ctectttetgg tataatrgga acagtcaaga tctgaacaag ag
<210> SEQ ID NO 34

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 34

agagagtaga attaagtggt ttttcaytgg aattatggag ggagaatgaa at
<210> SEQ ID NO 35

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 35

aagaatgtaa agcattctct agtcctrttt cctttecttg tttgttttet ct
<210> SEQ ID NO 36

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

aaatgtcacc tttgagtagt gaagttytgg atgattttta ttttettatt tt
<210> SEQ ID NO 37

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 37

getggettet tcttaatcag aactgeyctt agecttcaaga gaggctggaa aa
<210> SEQ ID NO 38

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 38

ttagtaatat gcctttaagg taccteyatce taaactgaac atgctcatta

<210> SEQ ID NO 39

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

52

52

52

52

52

52

52

50
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-continued

42

<400> SEQUENCE: 39

tgaaaccaaa ctataaacta cttcttrtet ttgtgagaga attccaggge ac

<210> SEQ ID NO 40

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 40

tttgtatcta atgtttatat tctttayget tgaaactatt tgaagcatte ta
<210> SEQ ID NO 41

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 41

agccttecca gettgggtece tgtttergag cccaggectt gettcecett ag
<210> SEQ ID NO 42

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 42

gaatctccaa gttaattttt tcattgytta ccctttatta ctgcatgaag tc
<210> SEQ ID NO 43

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 43

actttttttt ttcaattctg aaatcarctt cttagatcta cttttectta cc
<210> SEQ ID NO 44

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 44

tgaaaccaaa ctataaacta cttcttrtet ttgtgagaga attccaggge ac
<210> SEQ ID NO 45

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 45

tacaactctc aagaagcaat ctttttwtgg caggaagctg catgagtgat aa
<210> SEQ ID NO 46

<211> LENGTH: 52

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 46

getggettet tcttaatcag aactgeyctt agecttcaaga gaggctggaa aa
<210> SEQ ID NO 47

<211> LENGTH: 52

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

52

52

52

52

52

52

52

52
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-continued

44

<400> SEQUENCE: 47

cactgatgct aaggcaagag ttatcgrtag cccaagetet ggctagtate ca

<210> SEQ ID NO 48

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 48

atagaataaa taaggtaaca ggtaatytaa acaaagagaa aaatatctat tt

<210> SEQ ID NO 49

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 49

gggaaatgaa tccctggcag gatggayatt aaccaaacac ctaacacatc ag

<210> SEQ ID NO 50

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 50

gggaatatat ggtattaatg aaagcaytgc tacacctagg taccccatac ct

<210> SEQ ID NO 51

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 51

ttaagttatt gctatcctat ccttetycaa agagetttte ttotgttttt ta

<210> SEQ ID NO 52

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 52

gtggaaggat ggttaccaga gggtggraag gggagtggag ggttggggga ga

<210> SEQ ID NO 53

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (27)..(27)

<223> OTHER INFORMATION: a, ¢, t or g

<400> SEQUENCE: 53

aatgataagc ttaagaaaat acaagcntaa gtatggetet taatacgeta ga
<210> SEQ ID NO 54

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 54

gtctectttt cttettgtec cetgetytca getctgaatg agaaaagttt tg

52

52

52

52

52

52

52

52
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-continued

46

<210> SEQ ID NO 55

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 55

tataaagtca tcctacttte tetttertac tttcaaaagt tggtattcag ta
<210> SEQ ID NO 56

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 56

ggcgagaaag acatatgtgg atggaayatt tcagaacaac ttgtatttcc aa
<210> SEQ ID NO 57

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 57

ctacacttgg ggtcccagaa gagctgycce ctectgeaca tttecaatge ag
<210> SEQ ID NO 58

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 58

ttatgaaaag gctgtgaage tgaagaraaa ctaagaaatg gatattgetg ca
<210> SEQ ID NO 59

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 59

gtggttcatc tcatagcaga cttgctstag aaggtgaaac tcccggattt ta
<210> SEQ ID NO 60

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 60

cactcacact tgtccagagt ttectewtge tttctactet tetgaaatce tg
<210> SEQ ID NO 61

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 61

tagcttccac aacattccca ggctacraga gcttacagte cattagcact ga
<210> SEQ ID NO 62

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 62

ttaaatcaca aatgcagtct caatccrgaa aatagatccc atcatatgtg at

52

52

52

52

52

52

52

52
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-continued

48

<210> SEQ ID NO 63

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 63

tctttetcat atttatgtge ttecttyagg agetctagta aggcaggtet gg
<210> SEQ ID NO 64

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 64

gecaaggggt gectgcagge ccatgckgag ccaccctcag acctecttea go
<210> SEQ ID NO 65

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 65

aggaggatat ataaccctgg cttgaaraag atggagatag ctacaagaga tg
<210> SEQ ID NO 66

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 66

gttggacgga tactcatctc gtgtaayggt catagaaaga ttctgagtge tc
<210> SEQ ID NO 67

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 67

ctcatgtacg cagggtgttt ccctagytga catgtctgag gacgtettte gt
<210> SEQ ID NO 68

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 68

ttccaaacce ggcttteect catttgrtee tcaaacacce categggggg cce
<210> SEQ ID NO 69

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 69

tagccattga caaaccctgt agacatraga atttaatatg tgataaagat aa

<210> SEQ ID NO 70

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 70

52

52

52

52

52

52

52
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49

-continued

50

cacttgtect gtggactcat gecatgycac cgtagtgetg agtgacgett aa

<210> SEQ ID NO 71

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 71

ttcatgctaa aaactctgaa taaactmggt tttgatggaa tgtatctcaa aa
<210> SEQ ID NO 72

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 72

tagcaatgca agcatgtttg ccttcakata gctaaatgac tgegtgattg ct
<210> SEQ ID NO 73

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 73

ttattcctat gettgttgge tgcatgyatg tcttettttg aaaagtgtat ct
<210> SEQ ID NO 74

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 74

tggtaataat tacaagaaaa atgtctstac atgttcagta taaatgcaac ct
<210> SEQ ID NO 75

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 75

tggcttectyg ggtgcaacat ccggacygat gtettttatt gttgttattg tt
<210> SEQ ID NO 76

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 76

tatacacaca catataatta atgctaraag gctatacaca ggaacactat tg
<210> SEQ ID NO 77

<211> LENGTH: 52

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 77

gaggcctcag gaagetttta ctgatgretg taggcaaagt gagagcagge ac
<210> SEQ ID NO 78

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 78
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-continued

52

aaaaaatttc atcttatatg tagtacrtag taatctataa atataaaata ca

<210> SEQ ID NO 79

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 79

atgttgagat agtagcacag gaggcemggg atttatttgg gttatacaca ga
<210> SEQ ID NO 80

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 80

aagagagaat caaaaggcag gtcctercag caggegetgg gacatctgta te
<210> SEQ ID NO 81

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 81

acaagaaagc aagagctgece agggecyctt ccagecaggga ggctgacect ge
<210> SEQ ID NO 82

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 82

aagcttcectga ctgttaaggg tgatggwtat gttcattatce ttgacaatgg tg
<210> SEQ ID NO 83

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 83

cctgtgcaaa tgaaatgete atccccrcaa agaaggaata tggggetgge ag
<210> SEQ ID NO 84

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 84

caccaaacac acatacatac acatttrtag cattttggag ctagaaaagc t

<210> SEQ ID NO 85

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 85

cagcagccac tcctggeaga acccectycte ccatgecage caccectettyg ag

<210> SEQ ID NO 86

<211> LENGTH: 36360

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 86

ccgecatacyg ttatgcaacce aacagtaagt gttctcagte acctgagget aatatttcta 60
ttatccaagt acaagctttt ggaatgcata gaagctttgg ggtaaagett ttgttataat 120
atgtaactcg ttcaggcagce catattctcc agataaaaag ctgttcctga aattctacaa 180
aagcatgtac aatagatagc tagagatcaa catagacata gaatcagata aagagagagg 240
gtgaaaaagc aagagagtga gagagagaga gagagtgcct ggaaacttta ttagaagaaa 300
tagcaatcaa ccattcaagc tgagtctacc atttcttatg catgaggaat ttctgettta 360
tgcaggaact cagaactccg gacaattaaa tttattctac aaggaaactc tttgtttcce 420
ttectetttet gatatgcttt tetttetttg gccacagtet gatatgecctt agggacaatt 480
tggagtatca tagacaagtt ttgacttgaa gcaatatatt tcaaatatga aggtagttgt 540
ctgctaatag atgaatttat atagatagat ggcaaggtgt gtaaatattt tcatgttaat 600
taactatagc agttttcttt ttctatagtg gaaattttct ctctgcaaaa tattcaaatt 660
ctctttttta cttgctagat ttcccatttt atggcacaat attacatcaa ttccaagtga 720
aaagtatgac gtattacatt agaatctaga ctgaaggcta atgattgcat ttatctttge 780
ctaagtctte cagggtttct agctctatag aagtgcgaga tagagatttc aatagcaaca 840
cactcatgag ggtgtgaggc aggggaaaga gccctagact ggaagttgtyg tgacaaggte 900
tctggtgact cttctgggta tgctctetgt gcatttgttt ccttttctga cactatatac 960
ttaatagtgc ttttgtgagg atcaaatgag agatcacatg taaaagacaa tgtaaaaaag 1020
tatacatgct atgcattatt attatcattg tcctcattat tattgaatgt gttcattata 1080
caaggaagaa gcagtgctaa attttaaccc ctttagaaga taaatgtaag taagttagta 1140
tacattaaac accagggagc taaatacgca gacatccatt tcctgaactc agaaaattag 1200
agaatctggce tttcatatct gagcagggtc cattttattt ttttaaataa ggaacttttce 1260
atgttgctcc aaacattttg atagtttttt atttaaagaa taaaatatat gtagtttacc 1320
acagcagaac tttgtaccat attttgcaaa tccctttatt tactattatt tacacacctt 1380
gagggcttte tgagttcatc tagtctatgt tctataaatc ataccactat gcaacaaatc 1440
caggctacac ttttctgtecc aagtcataag gtaaaattca gtttgtgctg ccaaagcaat 1500
acatagcata gcaaagactg agccaacgga ggaaaaggaa agaagtcctyg ccaagttcte 1560
aaaaggagac tttctggaag gaaacaacca ccttctaaaa aatgtgttca tccgtaaagc 1620
actaatacta acttagtcct catactgagt tttaacacca tctctttgtg gccaaaagga 1680
gtgcacatct ggcaaaatct gaatatttta ccagatgtca aactatgtaa gattcttcag 1740
tacttccaga tctattaggg gcagggaaga tggttgtatg ggactttatt tcagctgtca 1800
ctcaggactt ttacaaagct tttcacacac cteccttttec accccagtac agcttcagcece 1860
tcgtgttege atgtattatt tetgtgtgtg tattattagt gtgtgtgtac atgtgtgtgt 1920
gtactttaat ttgtcctttt agattttecct tgctgtgget actactcaga gctgatatcg 1980
tatcacctcce catgactaaa ttatgcatcg tgcttgaget taggccacta ggtttaaatg 2040
taatgtttat ggctggggtyg gattcctgga aaaatagaag tggctgggcc acacaccact 2100
ttgctatctt ttagatggag aaaagggcaa aacagtatca tggaaacaca gagtttgtac 2160
catcaatcat ttccctgtaa taatcttgtt ggctgtccat attacataag taactttacc 2220
caactggctt taattttatc atcaaagtga ggttaagtca ccctatgata ctaaaatata 2280
aaaatattca agccatctta gacaacaaat caaaaaacct gaatctgaga agaattaatg 2340
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aggaacttga tgattaacaa catggattct tggttgagct cattaggaca ggaaacccat 2400
tttagcaagg gggtattgag ctatttacat aaactttctg agccacagtt tcectcatctgt 2460
aacatggaca taataatacc caaataatta tgttttgttc attaaatgaa ataaggcatt 2520
aaagctctta aaataatttc tggaaaagag cactcaataa attattatta tttaattata 2580
ttagtagact tctcattatg ctttaaatta tcccagtttt atcaaatgag tgttgttata 2640
agcagaaagt tgaaagtaag caactttgtt gagaatcatc tatttctacc acattcatag 2700
tgctaattac cttactttgc taatgagttt ggtggagaaa ctctgtggct ataaacaaga 2760
caaattgctt acattggtac ttatttcact tactttctaa acattcaaca cctaaaactt 2820
aaaaaaaaat gcccattgag aatctceccttt tttcagtaac tggagactac cttacaaata 2880
aattcaaggt gtcaaaatct atgtctcaaa tatattgccc ataattccaa tttgcttgca 2940
acttttette tectgtcacat tttctcettte ctcactttat gataatttca tgcatgaggt 3000
ttcattgtac aggaatatac ctcccctatce accaagegtg tacactgatt cctgagttgg 3060
agccagatgt attgcctagg ctagaagcce ttecgggttet ctctcagget tgacttaaag 3120
ggctctaatg tctcaatctg gtttgtatct gaaaacagtyg cttccgtaaa gttctaaagt 3180
agagcgcaat gaccttgatc tetttgctaa ggaggatgaa tgggtaaact ggaggggcaa 3240
caactggtaa gagagaaatg aaatggcaca gagaactaaa gggaacagta aaggcatgaa 3300
agaagaatag aaaacataag catataattt ctaaagtttg ccatttaagt ttgtttcttt 3360
gtacatttaa ttttctaagt aatgtgcttg tagatttaga aaaaaaatac tctgggaaga 3420
aaggatagat gtctctttgc atggattata attctgatgt tttggaaaga aaagagattt 3480
ctgttactgg accctgggaa cttattggat ctcctggaaa gcectgtcaaac cccacgtaga 3540
gaatcaagag catttctgtt tgccttttgt tattgttcac ctgaatagac tctgagaaga 3600
cagcactgtt agactaaatt aggaattccc ttttttctga gaagtaaaaa tgctgacttt 3660
gtcaatgtag ttggttattt gcttctgett ctcagcacag acgtctatac tgcatgctga 3720
aatctcacca ttgcactaac agaattttaa tagttgatgg attgcaccaa atacctactc 3780
tacagagcag tatgttacat tgcaatgtca tatgaataca cagttgaaat tgctgtgttc 3840
caatacattg gatattttgt tacatctgtt attactgaca aggagaaaag atgataattt 3900
tcaagaggaa gcagagttcc actttcttaa actttattta agctcatttg aagcataaat 3960
cttctgttet tgatatgggt agtgttatat catctcaagg agaaaggtca gctttcattt 4020
tgacttaatt acaaattggt tatctaatta cagtattcta agaaatgcaa gatgccctta 4080
ttgaatcaat acatgatttg ttgccatggc aacaaatggc aaaaaagttg caagcaaata 4140
aaaaattata atcgttatga ttaatgaacc ctgagttttc agctaaagag aaaatataaa 4200
cttcttettt acaaccaggc tgtttaagaa gccccagaat acttaatttg gtcattcettt 4260
gcccttaaac atgtaaggcce taaggcctag ttttagagtt gtgtcecttca attttgtagg 4320
tgtgtgtttt gagaaggcat tatcaccaaa tttgccctaa ttactgtaga aaatagtcct 4380
ggctttgcta ccgttaaata taacttcaaa attttacggt aatttttcaa atataatctc 4440
agcaacttta gtaaaataac tttaaacaat gaaatgcaag gcttataatt caaaagaagt 4500
gtatagagta taaaagattt tccacctagg atcccttcat tcatcatttce tattctecgg 4560
aaatacacat tgtaaacaaa atcagatatt tctatccagt caattttata tgcatatgaa 4620
attatatatt tgcatgtgtg taaatgtgta tttttaatat agaaacaata ttactctaca 4680
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aatgttgtat tatgatttgc tttatttttc ctcaataata aaatgttctg gatgtcaata 4740
aatatgagcc atatatagat ctatatcaat tttgctaaca gctccattgt cactactgta 4800
taaatgcacc aaaaggtgta ctttcttgaa aactcaagac agtaatatta caccctagtg 4860
agaaaacgtc tgtcagataa gttgctgaca caaaagatat ttacatttta aaatttgata 4920
tacattattt tcaaattgcc ttttagatag cagtttttct ttctccataa cctcaattaa 4980
aagcaggtaa tctcaagttt taaatatttt gttaatgtgg taaatgtctc actcatattt 5040
tattttcatt tctgaatcct atgagttgag ttgattttca cgtgtttatt gactaatttt 5100
gttttcttta tctctgaact tcaagttggt ttgctttget tagttttcectt ttgaggtact 5160
gatcttttet tatttataaa agatcttatt acagttagta agtttatagt gtcatagata 5220
atttaaatat tatctcagtt gactttaaat tttaattgta tatttgtcat gcagattttt 5280
ggtatttatg tattcaaatg tatcagtctt tcttttagaa caagggtcag caaacttttt 5340
ccgtaaaaag ccaaacagta aatattttct gttttgtgag ctatatggtce tgtgtcacac 5400
ctactcaatt ctatggttta ttgtgaaagc atccatagac aatacataat gaatgggtgt 5460
gccttgagtt ccaataaaac tatatttaca gaaataggta tggccacatt tgactcacag 5520
cctatatttt gacaacccca gcectttagage atctgtattc catgcaaaat accttaatca 5580
ctatagattt aaaatgccat atgttttctt actatgctta tagtaaattt tgtttaaaaa 5640
tgttgttacc tttgaagttt attttatagc atgagatgag attaagattc aaaatttcat 5700
ttttttgatt ttttttccecc caaacatgga accaattgcc ataacaaatt ttaccaaaga 5760
aaccctcetat atttecgtect ctggcataaa ttttatgcca atatttatca cataataaaa 5820
tctttttate tttgtatctg ttttccaaat gctettetgt cctgcttcte tatttecttt 5880
gagcattgct ctattttgac tactataact gacaatacct taatcagagg tgtccaatat 5940
tttggcttece ctgggccaca ttggaagaaa aattgtctta ggccacacat aacatacact 6000
aaaactaatg atagctgatg agctaaaata aataaataag tcttataata ttttaagaaa 6060
gatcgtgaat ttgtgtgggg tcacattcaa agccgttgtg ggctgcatgce agccagtggg 6120
ccacatgttg gggaaacttg ccttataaac tgataggaaa tgtccacaat atttttttca 6180
ttgtttctca aaaatttttc tagctatttt acattttcag atgaacttta atgcatttta 6240
tgaagttaaa aatgtactaa aatttcaaat tatatattga cttatgggaa atttaagaat 6300
atgacatatt tacaacattg aatttttcta tacaagaaaa agaacttttc gtctacccaa 6360
gaattctttt atgtattttg gatcacttaa tagagtatca ggtttccgcc atatgtattce 6420
tatacattgc ttaatgtttt cctggcatct tagtattttt gttattatat gttttagttt 6480
tttgctgtgg ctataacaaa gtagcacaga ctgtgtaatt tataaagaaa ataagtctat 6540
atagctcaca attctggagg atggaaagtc caagagcttg atacaggcag ctggtgaggg 6600
ccatcttgtt atgtcataac atggcagaag acatcacctg gcaagaaggc aaaaacaaga 6660
gagccagaga gagcttcecctt ttctaacaaa gctattccca caaatctaat tccatggcaa 6720
cattaatcca ttcatgagga cacagctgac attaatccat tcatgaggac acaacactta 6780
tttctaatgt gtaagttttyg taacacatga aataaatatt cttcggcatt gcaattataa 6840
aaattttatt atattttctc attgatcact ttggtgtata aaaatgtata tactaatttt 6900
attcatttaa ttttaaaaat ctattaattg ttcaaaagta ttgctgaaat ttagaatata 6960
tacataagtt aaaatatgca tataaaatac ccatttcctc ttacccaaag attagtacag 7020
ttaatatcta atgttacatg tttccagatg tttttctgta tttatatcaa tatctaccaa 7080
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cttatctaca tctacaaaca tgcatgcata caatataccc attatatata tcatatgtat 7140
gtgtatatac catttaccaa aatgatatca gtcaaatgac atcacacaat atgtgctatt 7200
ttcagtgaat attttccatt tttcccagtt gagaaatttt ttatcatctce tcatcaaatt 7260
ttcccaattg agcaaaaatg ttatttacac tggtttaccce aatccaggaa gcaatcagtg 7320
accacatatt atatttggtt attgggtcat ttaaggctct tttaatctgg cagtcttttt 7380
tcecttectg ttcatggtta getgtectge catgtatccce actcttgcaa aatgtttggt 7440
tgattcttca tgatgctgtt tagcctttte ttctatctca tatatgaaac aatttttgta 7500
accagctatc tttctgaatt ccctcattgt tttcaatcga atatttaatt cattctcagce 7560
ttttccaggt catcaaaaat aatataattt tccacctgat tttaaatctt tatatttcat 7620
aattcatttt ctggccaaat ggctttggaa tgtatccttt gacttatttc ttatcataat 7680
ggatatgcca ctatgaatta ttttttaatt taggtgtaga tgttgaactt aatcaaagtt 7740
tttttgaaac tattgatatt attttccttt tgccaatttt attgtattaa tatatttgta 7800
attaattgta tcataatttt taatattttc ctaaggtaga atcattctgc catcaactcc 7860
atttggttat gatatatccc tgttaaaaat atacttccgg attatacttg tgaatagttt 7920
attatcttgg catcagtttt tattaataaa attagtaagc tatttttgtc aggtttgaat 7980
attcaattaa caaaggcttt ataaagttaa tttggaataa ttcctttttce tcectaattgca 8040
gaaacaattt taaatagcat taaaaaaatc tctttttgga gattataaaa tcttcatacc 8100
caagactatc ttagttttgg ggaagagatg catttatttt accaaatcca gtttaaaaaa 8160
taatctatta ctccagtcag acatgttctc aggaggctaa aactttataa tctatttaag 8220
aatttgttaa ggttggcccg gtgtggtgac tcaagcctgt aaccccagca cttggagagg 8280
ccaaggcagg cagattgctt gaactcggga gtttgagacc agcctggggce aacatggcaa 8340
aaccttgtcce ctacaaaaaa tacaaaaaaa ttagccaggc atggtggtgce atgcctatag 8400
tceccagetac ttgggaaget gaggtgggag gattgtttga ggatagaagce tcaaggctac 8460
agtaagccaa gatcacacca ctgtactcca gcctgagcaa caaaacaaga ccttgtctca 8520
aaaaaaaaaa caaacaaaca gaatttgtta ataccatgta tgatcatgat catgaagaac 8580
tctgactgtt gcatagttga tagtcatgtt gctgaatgat caaatcaatt ggattgtgaa 8640
atgccacggt cttaacaaaa ttagcattat cttttgctcc atgactagtt gttgataatt 8700
agatcatagg ccatatagtt cttaagttaa atgtagtaca aagtaaaaat aatcagttgc 8760
caactgccta ataaggaatt tttaggtatg agcaagttgt aaatcaataa tttgtaattt 8820
ttaagaatgt atagagtttt taatgccctt gattgtcata aaacttgagg aatattttcc 8880
tcacatgctc gecttgattca gtectttettt cceccttagece ttagctatac caatcattga 8940
ctcctegtet tataacattg agaaacttgg gttcaatgaa aaaaatcaac aaataataaa 9000
aacaaatatt cttgagcatc aaatatgtgc atgatatttt tctagatatt attggaaatg 9060
gaggagagaa aataagaaat aatttgtcct caagacttga aatataattg tagaaaaaca 9120
ttatatgctc aggataattt aattgaaaag gtacagttga aaatttgtca aaattttagt 9180
aattatataa cctaaaaaat aaagaagcct ctgtgaacag ttaaggacag agaagaacaa 9240
tgacataaag atgaccttaa aggatgggtg atgtttgtgg ggctaaaatg aaaaaagaga 9300
acattttaag tgaaaataat acacaaaaag tatgggagga gagtctcaag ttatttcaaa 9360
ggggactacg gggggagcaa atagcctgcc ttaagtgaaa tgtttatatt agagaacgag 9420
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ggaaatattt ggttggaaag ttaaattgct acgtattgaa gtacaacttt cacgcagtca 9480
aatctggcag actttcctac acatttttta ttagcttgac aatcccagta ctattgttca 9540
gaatttaagt ttactttgaa aaatgtaaaa cagaaagagt aagttatgtc actgatgtgt 9600
gcgtaaaagt aataatatgc agtggagtaa tgtatgaatc aattataaat agaaaaaaat 9660
aaattctgct acattatgaa atgccattgt gcaaagtcectt tgtatataaa gtcattttat 9720
attcctaaat aattttggag gtaatgttta tcttccaagt agagttcctg aaggcttcect 9780
gctgtctgag atccctgect cctaagcaca ggagtgtcta ggggcagtgg tgagtctaga 9840
atcttttgaa atacaaaaaa tatgctttaa tacatttttt aaattctcag ataatggtgg 9900
ttggaagctg ccaagtgcta ggcaccaaca catctccaga gtacataggg atgcatctat 9960
taatagatgg ccactgtttc tatacccagt aacgtaaaaa ttgtcccaac tgaagtattce 10020
tagctetgtt actgtgggag tatgcggggce atgtgtgtgg tatgtgtgca tgtggectac 10080
ctttctgcat gtggttttet gttattttac taacaacctt taaaatgaaa gactagctca 10140
agacataatg tatcactttt tagaacagca ggcacagcat tctggacatg acacaattga 10200
cagctgctaa gaagaaaaat ttcaatcata catgatctcce agtgtgtcct tggatagtat 10260
ttagaatttc ttcattactt catcattagt aaagcagagt atcacagctt tgccagttcc 10320
ttcataaaga tgtagatgat gttacttcct taatagctat ttaacatatt aaatataatt 10380
caaatagaaa taatgttaaa tatccaatct attaaattct tatttcctaa agaaagaaaa 10440
tatgcagcta aaataaagtc cttgtcagac tttctagaaa acagcaagtt accagggcga 10500
caatcatata gaggtagggt agatcattta ctttataaat gttaccaggg taacagaaac 10560
tactcgtgga aatcactgaa ggatttagga tgagagtaca gatagaccat ggaactattt 10620
gttctttcat agcacattgg aacaaaatgt ccaaacatat ttaaaacttt taacacttat 10680
gtgaagtatt tgggtattca ttaaatagat gatcagaaac gggttcacat attgagagta 10740
ttctcaaatg tgaagagtac atctcaaatg taaatcaaaa gatattattt ttgatttctt 10800
actgctcagt atgtcattgg gatactttat tttactctga attttgactt tgctagatta 10860
gttctagaga acctagttat ttctacctag gtgctatgtc tgcaatttag gatcatggtt 10920
aatggtgttg attagcatga ggcttgagtt ttataggtca accaattagg gtgtaggagg 10980
gagggaagtyg gttaatggag agaaagggaa aaactataca tatacatata tatgtatacg 11040
tatatgtata taattttcat gtgtgtgttt gtgtatggcg tgtacggatt aatcaggttt 11100
gcttaaagaa ttatggagtt tagagttaga tttttcaaaa tgataacaca aatacaagta 11160
aaatgccttt aaacttttcect actgcctaag aagaagctta ccaaagatag gaattaaacg 11220
tacatttttc tccctgtttt agaacaattg gtttccctece caataagact ctgtcagaaa 11280
acaaataatt ctaatatgtt catctatggt taacagttaa ggtatgtgca aagtctataa 11340
gcagtaaaga ggaggaagtt actcactgtg gagggagtag aggaataaga acaaggcttc 11400
acagaggagg taactcctga acttggtttt gaaaactaaa aggagttttt tagaccaaca 11460
agtgttgggt gtcaggcagg aagggtgctc tgagcaaagt gatcagtaga ttgtaggcag 11520
ggttttggtc ctattcacca tgtgctgcag ctggtgaaca tctaagagaa agcaaggtat 11580
ttttacaggc taccaggtgc ctctaacact ggggcatatg catgacattt gtgtgccctt 11640
caacagttct gccacagaag gtatcactta atcatgatta gggctgttgt cctatattce 11700
attaaacatg gcatcttcte ctagagttcc gtttgcattt ctaggcaaag cctcecctcacce 11760
aatatccgat gtgcccttte acaagttctce cactcagagt tgagtgtaat atgcagagaa 11820
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tgttattgat attacttggg tatcataaag taatcattat agcctctgca caaggctaat 11880
tagtcctaat tatctgaata ccccaggtga aagtgagatt tctactcccce tcagaaccce 11940
aagaatgcgt agtgtctcat catttgactg tcaacaaatg cttcegttgct aagttattca 12000
aacaataaag taagatgata gagattctaa gaaaaaatac cagaacttat atgtctacat 12060
gagtttcttt tttctatgtg atgaaattac tttgggaggc cttttccatt gatgccatct 12120
tagactagga cattttaaaa atttattctt tgggaataat tttcagagat aatttattaa 12180
tcatacaagt aaaacaagtt catcaggtta tattcacatg atagaaaaat ggagaaacac 12240
atacataata gctagataga tagatagata gataaataga tgatagaatg ggtggataga 12300
tgatgaatga atggatggag ggaaggatgg atgcagggat gcggatggat gaatggatgg 12360
atgggtggtc agacagacag aatataggta atagatatcc tgggacatga cactagttct 12420
tcttteccaa ctacagtata attttattat ttgagagttt attccatata gttcgcaata 12480
tttcteccgt tectattttgt tctaaataaa tatttgataa taagttacac tttatagact 12540
atttctgcat tggcaaatat taagacacaa gcttccaggt gccgttagac aaggatactg 12600
acaaaggttt ctgagaaaat taaagacgtg catcttctct gaaatcaaac ccaacttatt 12660
agggaaaatg atgctaatat taaatttgtc tttgtaagtt tgatcattaa atattgtcat 12720
tgtcagtaag gaggtgtgtt aaaaacaatt taggaaaatt tctcttatgt tcataatgta 12780
gtattctaat tccttttcag ttgcagattt gtttatatca gctgaaacaa ctgtgttatt 12840
cagcgtagtg tcttaattgg cagttacatc tgtagagaga aacattttct tgtggacatt 12900
tcttttatta actctcaata aaagccaagc acatgttaac tttcaatttt ctgaagaaat 12960
gtatagggca actacattaa tattcttcag gtatgtaagt ttcttataac ctatcttgat 13020
ataagaatga ctcagtaaat ccaattggct gacatgtggce ttatttggtg tttatttagt 13080
ctgagccagg atgttattaa atttatacca tctgatttat agtttcacct aggtacaggce 13140
tattttacct ctcatggaaa agatggcaag attgttcagt ttgtgccaga attttectta 13200
ataaatgtct tcaaagctct cacaggagcc caagcatgta cacagttggg atctagtagt 13260
tctgtgetgt tgagtgcttg agaggcaaat ttcatctaaa atattgaggg caggcataag 13320
acctcttgge tatcatcact aggtggctca taaagtactc atgattttaa cagtactaga 13380
ctctgatgca cttgccaaga tgaatcaggt gtaaaatgta ctccgtggca gcaaacggaa 13440
ctgatagaat agaactattt gatgtggacc atgagaattt aaaagtatct gcataaattg 13500
atgatttggc atcagataaa gctgatatca aaccattcta tcttacaata attactcaat 13560
atgttcagca gactctgaaa tcectgcacttg agaaatgaca gaaaaactat atcatcagca 13620
gagaaaacat cttcttgctg acctaggaag gcatacaaat agttcagttg gcgtcacact 13680
gtttatgcat aatattttac aaattagggt ggtacttgtt cccttttata tcacttaaca 13740
taagtataat ttcattgcac ataactgagg agaaatagta gaaacaagct gagaaaactg 13800
aaagcaaatt ccaagaaaga ggattagtcc tcatctatgt taaaaagaac attgtgctct 13860
tggctttatt ttcttattta gcatagagaa aatcaagcta attatcaact tgggttctga 13920
ataataacct taaaacttct attgagaaga gaaacctttt atcaaagagt tattcttaaa 13980
cggttcttaa tcaatacaca ttagaaccat ttctgcataa caatgttgta tattaaaaat 14040
caattcttac tttccgataa aggcttttat cttgtcttgt atctctaagt attttcaatce 14100
aatactgaaa aaatcattat gcttccaagt ttgtgttaca tgatacatgt ctaaatactc 14160
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agattctgat atcacactcc aaaataatct aactttctga gatgcatata tgaaatttat 14220
ttcaaggaag tgtttatatt atacatggca tgaactgatg aatgattgat ggatactaca 14280
tacacattac tgtccatata tgctgaaagc tgacctccat tatagatatt atttaaccaa 14340
aagactgaca tatacatata atacaaatgt gtgtttatat gaggttattc agagttacat 14400
ttaaagactg aacactgttg agatttgtgg tattaattag taaggaagag aatatggtgg 14460
atgcatgggt caaaactgac tcaggaaatt tcagcctagg tggctaggta gaaagtgggg 14520
tcecttaaact gaattaggat gtgtaagaga aggcataagt tgaggatcag ggatatatag 14580
ttecttttgg gecatgttgac ttttcaaggc cagataaaga ttttcaatat gtacctccaa 14640
atacaggttt gccacccaag aagggtagta ataaacttat gagtcattta ttcctgctgg 14700
agagaataga tgagatttct agcaattcgc tcacttttca tagtaattac catgcttgat 14760
ctatgcaata gctagtgttg tgcatacgct gaggttacct taaatttact agtcttatat 14820
gtactaaatt aaatgcttgc atatgcccct tacaagcaag attgtttagc aacccaatta 14880
tgctttttet tatacctata ctgttatggce taattatgta ttgtattaca tatgtetttt 14940
tgaattaatc aaatgtatat gcacttgatg tttcctectta gggaactgac cacagtgata 15000
agttaggaaa atagagatac ttcaaattag aagaaatctt aggagccccc aatgaagtct 15060
agcagttgat gtaaaggttt cagaaattgt cctgtgtatc catgaaaagc tgtttcattt 15120
ccattttgca aacatttcag gaaacttttt tttattaaat tgtatttctt ccatagccac 15180
tagcccagcet agtggaagaa caacaaaatt ggaaaagcac agcaacaagc ctctgectag 15240
taaaaaccaa gaaagcaata aacctttgcc aagcctataa gaaaaattta aaagtccacc 15300
gtttatttat cttgttgttt agatatatct gtctcattgt taagtcattg tgaatgcagg 15360
gatttataaa ccctacacta ttatcactgg agggttccca ctgcttttag aatagagtgt 15420
tcctaaaaaa aaaaaaatcc atttcectttta ctttattgac aagaatagat tatttcagge 15480
tttgctggat aatcccatct ttggectttg gggctttaaa ccgtgttttt ctctaacgtt 15540
ctggttgatg ctggtaatga gaaccagttt tactgatcat agaagtatga gctcagagtg 15600
actcactaat tccaatgtgt ttccaatggc caacttgaaa aagctacata gggggatgtg 15660
agagctaaat tactgaagac catcatgttt tcctgtgggg tttttccatg ccctgaatat 15720
gttatacatg ctttttgttg gtgttttctt ctctgttcta tttgacattt taaagagcag 15780
aagtttaaag taagtttctt aagaatccgt aacagtatgce ccgtatctcc agacaaatgt 15840
ttacaaattg gattgtggct caaagattta actttccttce atgtcttttt ctaaatacaa 15900
agttcaaacc gaaattgtca agagtgagga ttcattgaca gacaatcagc aggaggtcct 15960
tttagtggaa tattacctgt gatacaaaag gattaaacat ttcaaatata aacctttaat 16020
ctgtgctatc taattactga catctgaacc agtatcaagg aatttgtcac tttttcactt 16080
ttgtaattct aacaaagaaa agaagcaaga aacgtaattc tgcatctgga aaaaacttct 16140
aatgcaaaag catgtagctt tagtcttttc tcttgagatg gactaggata tgttcecctgt 16200
atttctgatt tgtaaagatt cagcaaggca gctctgttac tgcaatcacc cttgcttatg 16260
aagttatgta gacagtccca tgtaaatcag aatggtccaa ccatttgatc ctgtccattt 16320
ctattacaca tggtcaggca tatgatgaga aatgttctgg ctaacacaat ttcatcttat 16380
aactgtccta gaaaatgaaa taaattgtta cagcattggt ttcctagcag agccaaaatt 16440
atgcaaggag gaaagccctt ctacttttcee tcatatcecct gtactctcte tgataaatct 16500
ttectectettt ceccectcetec atttactttt ggtgctatac agattcaatt tattagacaa 16560
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ttactaaatt acctcatatt attgcttaaa gtgtatcttc tcttectttaa tttgttaagt 16620
ttaataatct ccagtgaata tccattaaag agcatatgct ttttccccca ttttgaattg 16680
ttaaaagtca ttagaactag gattttgagc caatctgaaa tcagctagat attccttgta 16740
ttgctttttt tagaaaactt acttattgac tgttcagggg aaggacatat ttgtcctaaa 16800
gcaggctgtt aattatcatg aaaacttacc tattggctgt tcaggggaag cacatatttg 16860
tcctaaagca ggctcecttaat tatcacatca gtctagccaa tattgtgatg gaatactgaa 16920
agtaaaggag aaccaaaaat atgtgggttg tatttccaga aaaatatatg ttataagaga 16980
atacgaaaca tgtggattgt atttccagaa aaaaatgtat gtgtatttga aaattaaaga 17040
ttccttaggg gaagaaaaac ttgttttaaa ttttattaat ctcaaggtat ttaaaaatcc 17100
tctgaaagaa ttttaaaggc tgcaaattat aattatcatg taattaatta attcctgaaa 17160
tgtttttage agaatcaaga acatttctgt tgcctggacce ttggaagaat gacagcaatg 17220
aaaaagttca tattatttgc cagtgttttt cccttaacac tgaaaatgtt aaattgctct 17280
atagttagtg acttattgga aaaacgaaac cagagtcatt cattcctcta ttcattcaac 17340
atacattttt tgggtgtctg ctatgtgcca ggcactgcca ttctatattc agttagaata 17400
caaaaccaaa ccaaaaaaag atcctctctt catggaatgt atcttccage aggggaaaaa 17460
taatttaaaa actaaaaatg ctatggcaaa tgatgttaaa tatttggagc cagattttgg 17520
taaaaatagc aagcaggtgt aatttgtctt ttagaacccce agccattatt ttcaacatct 17580
tttcttecca cttggcgatg tecttectte aagacgctta gatgttccaa aaggtcatte 17640
tttctetett ttgcttttte atttaaacaa catttaaaga gaacccacta tgtaccagat 17700
atgtgctgca ccatattcag agatttaatg cagtataaat tatgtatagt ccctgtcecttt 17760
atgaaacttc cagtgtattg gggaagagag aaatcaaatc agtattttaa ggaataagaa 17820
attaaactgg ccatacattc tattaaagaa agattcatgg gactctaatc tcatgcatgt 17880
gtgtgtgtgt gcatgcattt ggtgggattc tcttagagag ggtcatggga ggcagaaaac 17940
aaccgtcaac tcccactaaa ctaatagtgg atgcttcectcece caaaacctcect cctgaaaaat 18000
ttgatctggt tattagcatc ttggggtaaa tgaagttatc agtagactta agtgtgtgca 18060
atatttttcc tattactttg taacaaaacg tttgtgaacc ttctagaaaa ttccaggcat 18120
cagcaagaag ttcattggtc ttttaggttt ggagtcttct atgctttgga ataatgtcct 18180
ccttattcag attacagaga agtccttcac tctgcatttt catgaggcaa ttatataata 18240
ttgtatatac tatcacaaaa gattaacctg aatataacag gataatgtat ttatggatga 18300
aggaagtgaa gctcagagag gttaattgtc atcactaata tcacacaagt tggtggcaga 18360
gctgggacag gtatgtttca attcagttaa caccaactct atttcattat atctggettg 18420
atttttttca ttaaattttg atatgtcagg ttatataatt taacctagag taaatcaagt 18480
tggcagatta ataaaaaatt attattggat tcttctgtat atgaaagaca aaatattagt 18540
atgttatcta tgtcctttaa tgccaatcac attagcatat gaagtaagat attttttaat 18600
attttagcaa tcctatcatt atatcttaag tggaaaggag ttttatgatt tagctaaaag 18660
ctttgatttt gacagacttg ttcatccaaa tactatcata atttaattct ttgtgtccta 18720
aggttagtta aaacctttga tctgacaggc acatgcatcce aaatgtaccg taatttaatt 18780
ctttttgtct caaagttatg ttatgttggg tgatatgtct gaggtaaata tgccttattt 18840
ttaatgttca taatcactga ataagaccca ccttaatgtt ataaatattg tagcgctatt 18900
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tcaggttatc agattaatga tactgtttgc actttataaa aagtagatta gataactatg 18960
agaaaattct atgtaagtat ctaaaactat atgctaacat tcttttcaat ttctacacgt 19020
aagatagttt attgttgcag catataatta attttgagca ttatacaaca tttttattta 19080
attttttaag atgagacttt ttttcaaaac cctacatatt aagtctaaaa gatcaaagaa 19140
ctctgaatca aacccaaatt gaatagtttc ttctaaagta ataatatttt gtcattttcce 19200
ttatattaga tattatctac ttgtaaaact aaaaagttat aaaaacaagc aaaaagcttt 19260
atcttttttc tttttatata tgcttgaatt atttttaaaa tgagaaaaca atttttaata 19320
aaggtggaac atttcctact cttttaaaga gtttttcctg attaaatttt aaaactactt 19380
aggaaatttt gcttataatc ctgcatttat gtaatggcat tgagaataat ttgccaaaca 19440
cagaccttat aatactacag aaacaaatcc agagagcttt actgaccagce tactgactca 19500
ctaaatgaaa gaaaaagacc attcccattg aaaaataata tcaatattga attatccatc 19560
catggcatgg gggaatacag catctcttcc aggaagtcag agatggacag gtaaaatgaa 19620
gagccagaaa aagaatttct cataaaagaa agtagagaaa ttaagctttc ctggaggaga 19680
aatgcagctg ttcgagctgt ggaatttcaa tgcatgcaga cctcacatct atctcatata 19740
taggtgtgta tacactcgct tcatgtgaac tttgtgaagt caatcattge tccatttget 19800
aatcccagtt tcaatttttg tcagctgtcce ctctatattt tcagtgtaaa tccctgtcte 19860
tttgtaatta taaccaaaac atacatgtgt ttaatcacct ctctatcttg gacaattttt 19920
gttttaatac ttgggatgcc ttcatggtgt aggcctaggg aatcctgect tgaactacat 19980
tcaaggggca ggaattctag ctgcggattc catttcecctg taaaattatg cagccctgge 20040
tgcataatgc tgtcactgcc tgaagcagct gctecctgetg ctttcagcat tgtacattgt 20100
caacttttct gtcacttcat tcacaaactt tgctcccaca ttgttcacat aatcatctct 20160
ttgcttette ctacacccag attttaagga aaataattat gaaataattt ggtagatata 20220
atatgatttt agagtagtaa ctccagaact ctttagaaaa gccagttgtt cccttattga 20280
tctectetact ttttttttaa cgtacttagg aaaaaattgt cgcatgacta tttaccgcag 20340
gtctgactca agggaaaggt catgcatggc agtaataaga agcaagatcc tcacagacat 20400
gctgaaaatt agccacatgg ggttataatc aaaccagatc aagaaaggtg actgagacca 20460
aataaaatga aatgtgaatt gtcattcact tttgctggta agttttgaaa tttgaaattg 20520
accagcaaat ttcctactcc tettgtgtcet ataaactgaa aaactgggaa gttcatttat 20580
tctttgacta ctagtaattt tgtagtatga gtaaattgga aagtatgatt actgttcttce 20640
acaatgtaaa ggtttaaaag aatgccaaac taagcactgc attttattgt tgttttccaa 20700
agccacaggt aaataaaaag ttttctgttt ttctgaaatt tttgcatact actactttca 20760
tccaaaaaac aatgtcctaa atagatgatt taaccatgtg agttcacact atagctgtgt 20820
cactaggatg gggtgaaatc atcatttcat atttggatat atccttggaa tataattttt 20880
tttaactttg acaactaatt tcctgattcg ttaaagtcce taatgaatat acataaaata 20940
gttaacttaa atacctcaga taggcaggtc atggtggctg atgcctgtaa tcccagcact 21000
ttggaaggtg gaggcaggca gatctcgagg tcaggagatc gagaccatcc tggctaacat 21060
ggcgaaaccce cgtctctact aaaaatacaa aaaattagcec aggtgtggtg gcacgtggte 21120
tcaaaaaaaa aaaaaaaaaa acctcagata tgattataaa ccagtgaagc tttaatattt 21180
ttaattaagt ttgaattgtg tacatttggg ggtgccgtgt aaaaaataca ttttaaaagg 21240
aaggtcttat accgaggcca ttggatatta atatttgttg ggtctagcct atgaagaaat 21300
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catggaatta taatttgact ttttgttttg gtttgctgtt gttgttttga gatggagttt 21360
cactcttgtt gctcaggctg gagtgcagtg gcgtgatcte agctcactgt aacctcectcce 21420
tceccaggtte aagtgattcect ccectgectcag cctceccaagt agectgggatt acaggcegcce 21480
gccaccacgce ctggctaatt ttttgttttt ttaatagaga cagggtttct ccatgttgac 21540
caggctggtc aggaactcct gacctcaagt gatctgecctg cctcagecte ccaaactget 21600
gggattacag acatcgagcc gcagcacctg gtttagtttt ttttaaccct ttataaaata 21660
cccactatag tcagaatagc cactcagaat atgtgggtta gctgaatttg ctatcccatt 21720
gccatacaaa ttctaaaagce tatcaactga cagactgttt ggcagggggg tgggggggct 21780
gggggtgcag caaaaatagt caggaggaat gacacaataa aatattacca atcaattaac 21840
cagtgagttg acaactggcc ttgatcagag ctaaggagaa agagggctct ccctataatg 21900
agctgtgatt aacaacagga attaccgaaa tgtaattata gccaactctt cagagatgag 21960
ccatccatgce cttgagactt cagggtctca gtaaagatag aggtattttt gttcttgatt 22020
actaagataa caattgagcc atgtttttag atgcaatccg gtgtgtctac aagccttcat 22080
catattttag agttatttcc ttcctacagt atgtttttca gcttgatact cagtgatctce 22140
aggcttattc ctggggaccc agagcctcect gctgaagcaa aacatccagg cttgctcaac 22200
atagacagtc ccttaactta cagtgggaga tgcaagtctt gtggctcaac tgtgactcta 22260
ggagttgagt ggtagtagca tcacccagtg aaaatttcag actaaaaaaa agacagaaaa 22320
tgacatggca tctccaataa tgtttacttt tgtggaaaat tgtaatctcc ttgattactt 22380
tatattgcat ttgtgaaact tactctatta tagcttgtta aagttattta actgtaattt 22440
atctctcagt tatttcacag caagatataa cagaggccgg gcacggtggce tcacgectgt 22500
aatcccagca ctttgggagg ccgaggcggg tggatcatga ggtcaggaga tcgagaccat 22560
cctggctaac aaggtgaaac cccgtcectcta ctaaaaatac aaaaaattag ccgggcgcgg 22620
tggcgggcgce ctgtagtccce agctactcecgg gaggctgagg caggagaatg gcgtgaacce 22680
gggaagcgga gctttcagtg agccgagatt gecgccactge agtccgcagt ccggectggg 22740
cgacagagcg agactccgtce tcaaaaaaaa aaaaaaaaaa aaagaaaaaa gatagaaact 22800
cagcattcgt gaatggatga attaatgaat attctttatt ctaaacactg tacagtacca 22860
aaatatcttt taaaaagtta tgaaggctct aacattgcag acggtttggc atatatacta 22920
taatttgagt accccctcag tatttcaagt tgacacaatt cttactacta aaagtattgce 22980
tttatcaatt tcaagccagc taagatagac ttctttaaaa acagatcaat ttttgtttct 23040
aaaaatatat cctaatatca gggtattatt ctaccacaga gaattcacat tgattgtcta 23100
tccatttaaa acaatatagt tatagtcttt tcacagtatt tcaaagactt ggataagctg 23160
gcggtgtaaa catttecctceg tgggaacttt ataaaatgaa aagaaaataa atgattgatg 23220
catactcaaa ctaattgaag tggtactgag tcaaccagat gttttcacct gaatcatgcc 23280
cacagatgct attgcttcat tatcccttaa tctagggatt acctccattg gctaactcga 23340
tgacctgtga gggtttcaaa taagattgcc tctcecccttgt aacatacatc ataaagagag 23400
cttgtttaga ggcagcctac ctccgecctg aacatgtttt caaggaagtg atcagggctg 23460
tttgttttte ttgctgttgg atgtggtctt cagtgaagtc acaggaatgg aatgagagtg 23520
gccacagttyg acaatggagce tatttccaca gectggctgca aagagtgggce agtccatcac 23580
agataaacta gcacatgggg atagatgata taaaacatct gtcacaatag ggataagcaa 23640
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aaacaacgtg cctttgaaga ttgtgtttta atgatgaggt ggggggttct gtctctataa 23700
taggaatgaa agatgtgttg ttggtgggca gatggcttca ggcttgctcect tgcatgaaat 23760
aaagcaaaag tatgtgttaa aaatctctga cagttgtcaa gtcacctgat tttgctgacc 23820
gttcatttece ttgecctatce catgtgtaat ctatgagaaa agaaagggag tgctaggaaa 23880
aaataatggc agaaaaaaaa aactggttct gaataatttt cttttggata actttaatac 23940
atcagtataa ttttaactgg aggctgagag gtcagaaaac gtgtttttgc aataagtttc 24000
tttaatatat ttgcatcccc atgttttttt ttatagaagt tttgtaaggt aatataaaaa 24060
tgctatgtca ccaaggccac ataatgataa atatttcaaa tgtgaatacc aattagtaga 24120
cataaagtcc tatttgttcc tgttaaagga gcagtgagga aaaataaaga catcttaata 24180
aactattttt gatgtaatta taatagtttg gtttcccacc ccatctgcct ttgaaaataa 24240
attaaaaaca ataaaattca catacagttt tatttcatat agttgctata gaaaaagaaa 24300
tctttgcaac agacaaactg attgcaaata aatgccgaat attcttgcac aatacaattc 24360
tatatatacc ctgttacatg accaaagggt accactgtca ctgctgtccc ccaaaccatt 24420
ccactctget ctggtaagga aatggttgcce attgctgcac actgaaattt tgctactttt 24480
gccacaaccce caccggaaaa atggatgtca cattceccttge tcatttatta ttttaatctg 24540
tctttcaact ctaattceccect tgcaggtgct tttgattage agaagtcaca aatctatatc 24600
tagcagcaaa agggtgtagg aaatgttttt agaagggttt tcttttcttt tttctttttt 24660
cttttttttc aattctacat tgaagaggta ggattcacac tgggggaaac taatgacatc 24720
tgaagagagt attaaaaaat aaatttctac atccatgaat ggcagaggta caccacaaga 24780
agcaactgga ctggtcaaaa taagagatct taaagaaaga gcagtgccag gcatggtggce 24840
tcacgectgt aatcccagca ctttgggagg ccagggggcyg gatcacctga ggtcgggagt 24900
tcaagaccat cctgatcaac atggaaaaac tccgtctcta ctaaaaatgc aaaattagcecce 24960
aggtgtggtg gtgcatgcct ataatcccag ctactcaaga ggctgaggca ggagaatcge 25020
ttgaacctgg gaggcggaga ttgcagtgag ccaagatcac atcattgcat tccagectgg 25080
gcaacaagag cgaaactcca tctcaggaaa aaaagaaaaa aaaaaaaaga gagagagaga 25140
gaacagattt aaaggaattt gtgatgttct gacaagactt gactcctgac tgagttttat 25200
ggctgatgag ggagaaggaa acgatcaaga tgacttagga gtttctttgt tattctgaga 25260
atcgagcaga gaagaaagaa tactctgaga atgaaagagg aagacagcat tcagagcggg 25320
acatagtagt tttgaggtac atgggattcg gtcagtagtt ggaaatttgg atcatgaatt 25380
cagaagaaac accaaggcaa gaaagacttt tttaaaactt taatttttaa actaattata 25440
gcacttttga ttaatcaagt cttaacaagc gggaatattt tggaatttta cttctaacac 25500
cttattttta tggtatgtat attgagctaa ccaaaatatt tcgctgctgt ctcttactat 25560
tctatgegge atataccatc tettctaatg cttggctgte atagectattt ctaactcact 25620
ggttaagcag atgacgttat ttggaaagaa tggaggtttc agtgtgaagg ttgccatgaa 25680
aatatgtcat aggaaaagaa agggaatttt tttgttaaag gagattttat gggtaaaggc 25740
agaaatcgta tggagatgat tgaggaacta tactaaatat cagtggctgt catttataac 25800
aaggagttat attaatatta ctaatattat tccaagctat ctggctctca agcaagaaca 25860
aacaaaggac ttaacaaaat gattgagagt caaaccaaga atctttttag aagcaatgta 25920
atagaaaatt cactcagagc cctggcagac caaatgcaga gctaagcttt ccaaagttta 25980
tcgtgaatat aactcacctg gggcaggctce taatttagtg gggctggggt tcacctgaga 26040
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ttctgtacta agctccctga tgatagtatc cagtcccagg ccatacgtta agaaacaagg 26100
tagtagagtt taagaacatt ctattaaact aaaaaaaatg ttaaaattaa tcatatagta 26160
ttactgctta ggagaaatgg caataaaatc taagcggaat aaaacatgta actaagtttc 26220
ttgcacaaat cctgaaacaa ataggacact gaaggataac aagataaagc tgtcttttat 26280
ctcatctgga cagttttaaa tatattaatt gaaatcttga aggcctcaga atgtaacttg 26340
tttggatgct aatatataag ttttaacctt agaatatgtc tgttacacca ggacatattt 26400
tatctcagca ttagaccaca gaacatgtca tcaatagggt atatactgag tttgaagcat 26460
gttagcaata ataatactaa tagaaagtgt gctttaaaag gagtaaatta gttctttaat 26520
agggtcgtga cttcacacct gtatccttag atctagttaa gtttccagec ctaaccagge 26580
aaattcctaa aaatatctta aaggagaaaa atattctctg agggaccaca aaataaagtg 26640
ctttttgcag caaattgcag gacaaggaat agctactttc ttagtaatag ccaaaaattg 26700
aggtgccttg tgacatattt aggcaacttg cactataaac aatggccata agtaagataa 26760
caggcagcta tttctcttga tecgccectgt ggtttgagca atgattttecce aggcccattt 26820
gccaatagga tcttacaaga ccttgaaaag gatttgcaag caggtctttc agtctatttg 26880
tcagtaagga gaagttttta atgagaagtt ttatgacagc tcacagtcct gagtcctagt 26940
taaacccaga taaacatttt accagacaaa agatgaggtc cataaatatt cagacgtctt 27000
ctgggaaccce tgtttgcctt atcatttgga agaaggctgg cctgagtact gcatccgatg 27060
tgtgcttgaa acttctgtaa gttgaaaatg tgtttggagg tatacaaagt gattgctgta 27120
caaatgaata aagcatttct tatcacatga caaggtttga caagaatctc aggcagatat 27180
atggctacta aaacagttca tggcatagca aagtcctaat ttaaaaaacc ttaacctaca 27240
tttgtggcag tacacattgg ctgtaatatg tacagaacat cttgcagcat ttaactgagc 27300
ataaataatt cttccataga atggaaatca tgtcgtgaac tccaatgtta aacttceccttg 27360
ggtggggtgt ggctctcaga agccctggga ttttcatact aaataatgag aaggtcaage 27420
tggcagtggt cagactgaga tactgtcaaa gaaaagcaga ggaagtgtat gaatggatct 27480
tttacgtcca tetttttgge cagagaatgc ttctggtatt tccattgaat cttcttgtcece 27540
agtttgagca aggagctgct gttattgttt cacataccat taaagtcatc agagacctgce 27600
tggtgagcaa gtgccattca ctcactcagt ccattagcac cactaactaa gcatctgttt 27660
tatgacagac actgtgctgg gctcagaacc attaaaaaag aaatatataa ggtattgcta 27720
atgataccag tgaacttagg attcagggaa gaaataaagt ttgatcatga tcaaagtgtg 27780
tgcaaaatgt tatgggagaa gagaggagca agtgaccggt agcctgggtc agtcatagga 27840
gttattccec agaatttagt atttgataag aattttagaa gacacatata aactgctgta 27900
gaagcctage gttgcaggcce aagacagcaa gggtaagagg taagacggac aagagaatga 27960
tgaggaatac agtgtggtgg aaagagaggc ttcatgtgca tgggctgggg atcaggctag 28020
aaaggtaaat tgaaagctgt gtgatcctcg tagattatgt gtgctatgct aacaaggcca 28080
tceccagacct acctgtagaa gectcettttt gacagagata atgctgaaac agagtagaaa 28140
gcacatgcte ttgggcagce ctacaactca ttcactctaa ctggtttctg aataagacaa 28200
gcaggaatag aaaaatgtct tgtcctgtca ctgaactgtce ctatctactc ttacactcct 28260
ccaacacatt taatgtagaa tagccattga cttaacagta ccagtgtctt aaaaaggaca 28320
tttccactat gaaaaactaa cgcagctcta ggttgcactt tgggaaagga ggtcatttaa 28380
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cactgtttce cttataaccc cacttagaac aaaaaataag gagaaactgg tctgctccte 28440
ttcaaatttt atatatatat atatatatat atatatatat acacacacac acacacacac 28500
acacatatat atgtatatat gcatacatat acatattgtt tttaaggtag aaaaaattag 28560
gaactaatct caatatttca aatataattt tttattatga aatatatttg gtgggtagag 28620
atcaatggtt ttctttctaa aaaaagtata gaaggagctg aaatatattt gattaatcaa 28680
ttcattttta agtgtcatag ctttatagtc ttttgtcttt gatttttttt gtcttgtget 28740
gtttttgatt cctttaaata aattttggag tgtgcaatac atctgtatag gaaagctata 28800
taccatgggg gccctgcaaa gcaaagacta aggactatgg ttatgccact aattttttca 28860
cacaaatagt ctcatttttt cacattatct acaccacaac acatgtattt ttatgtaaac 28920
tacagcagtt tacatgtgtc ctctaaaatt cttatcaaat accacattct ggggaataac 28980
tcectatgaat gaaccagact actggtcact tgctcctcecte ttctcccata acatatttga 29040
accaggctac tggtcacttg ctcctetett ctctcataac atatttgaac caggctactg 29100
gtcacttgct cctectecttet cccataacat atttgtgagt ggtagacacc cccagctgaa 29160
agctactcat tagttatgcg attggaatca gaagctgatg aacacaagtt caccctttgt 29220
cattgaagct ctaaggtcct tectgaagtgg cctgggatct ttctctaaac aattaatatt 29280
tccattgact cagcagttat gatctcectta agtagaaaaa taagaggaaa aaatatagta 29340
acccatctgt gtaagaaatt tataatctta agatcaattc tgtaatcaag tgtacaagtt 29400
taatgacaaa ataattaagt gtcctattgc atattcagtc aacaaaatcc ctttgaccgt 29460
agagtcctca aaatctcaaa ttttcaactc tccctcaata atgcaatata tttaaaagcecce 29520
actttgctct attaggattc taaagaagct actgaaaaca ccaaaagcta ctgataaact 29580
tgtttctgta gttttaggca caaacgtcta aaggattaaa ataaagcatt attgagaatc 29640
ctaattatct atgtacctgc tttggtaaga aatacttcaa tatgacatat ttactttata 29700
ttctcattca aaatgacact attatattaa taggtactta accaataatt gaaaccatta 29760
ttcacagttg aataggcgta gtacataatt aggattcttt taaagggatt tccatggcta 29820
aaactaattt ggctttagtg tctattaata ttataacttt aaaaaaaaat acttccagtt 29880
actagttact gaatcaaaaa tcaacttgaa attaaaagtg tgattaagag tacaaggaaa 29940
aaaatgctat gtttataatt aatagatatt ctgttattgg gaaatctatg tacatgtaca 30000
tatctcttet acctttatca tatagcagtg gaaaatgtct tacttctaaa cattataccc 30060
ctagcccata gctatatatc tccatatagt agtccaaata tcatgccaat tagtctaatce 30120
ctgtccaagce ataggaaaga gaaacccagc tctagtttge cccatttcca aaataaatag 30180
caaaataagt tagcactcaa aaataatgat aaagccattg gaagtcatgt aatagtcctg 30240
ttttctttca ttgcacaatt atggaatttg ggaaattggt gtatattata accataatct 30300
tgccatagat ctaaaatgtg ctattagttg tcgggaacag actgtagatg aatactttgt 30360
gtcacttttc tttectttcett tttttttttt ttttttttga gatggagtct cgctctgtet 30420
cccaggcetgg agtgcagtgg catgatcttg gctcactgca agctceccgect cccgggttca 30480
cgccattete ctgcectcage ctccgaagta gctgggacta caggcgcecta ccaccacgece 30540
tggctaattt tttctatttt ttagtagaga cggggtttca ccgtgttage caggatggtce 30600
tcgatctect gacctcecgtga tecgeccgece tceggcectece aaagtgctgg gattacagge 30660
gtgagccact gcgecccggcee tactttgtgt catttttcta gttactgect ttcaaattct 30720
tcectcacttt gtataaatgg agcttatgga tatatgtata tatggaccag ggtttctgaa 30780
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ccectagecact aatcctgggt ttgctggata attatttgte gtggggaact gttctetgtg 30840
ttgcaggatg tatagcaaca tcaataacca ctacccccta ggtgctaata gcacacctcecg 30900
gcagttatga taaccaaaaa tgttaccaga cattgcaaaa tcactcctgg ttgagaacaa 30960
atgaaatatg tacatataca aatacttttt attctaatat atatatatat atttatatgt 31020
ctcatatagc attagtcaaa cttttttcat caagcaaatc ttggatttca tctttaaggg 31080
gatggtggtt gaagatgtca ttaatgcgca tgtgtgagtt gaactatggt tttaaaactg 31140
aactgcccct tgggagaaca agttttctca agaattttgt aatgatccat tttaacgage 31200
aatctcaaaa taacatttct aactaactac tttttgatta gaagttttat tctttcatca 31260
ttettteggt gaactcttat aaagcatata ttatatacct cacactataa acagcactat 31320
agacactaga cagtggtgaa caaaacaaca taatttcaac cctttcagaa taaacaatca 31380
aaatgagaaa tattagtaaa tatttacagt ttgtcattga actgaaaaat gagtggtact 31440
gatatataaa attaatttac aaaaactgtt ttgagtactt actgcatgca attcctattt 31500
atagagatta caaaagttgt ataaacataa tgtcttccct cttgaaagat gtaacgtgga 31560
aagaaacaag tagacaataa taaaggggaa ggaggtatta agtgctaaag tgaagttcta 31620
ggggcagtgt ggcttctgge ttaccatgta attcatcatt tcccatacct ccagcatttg 31680
tcaaatcctt ccaaaatgct tacaaagtta aaggctacca cctttgccac atcttttgaa 31740
tttcaaacat aattttttaa agttggactg cactactacg ttggttggaa atttatcaag 31800
gtagataagg attaatgatt gtttctaaga attagagaca tttcttactc cttttgttte 31860
ttctececccac aaaagecttt cttaaaccct gaaccctcat caaaacaaaa caaaacaaaa 31920
caaaacagtt gacatcaaca aatgaaagaa attagacatc cctacatata ctacaagaca 31980
aggaatgttg catgctaata ctgcagaaca ctgcatttgg acagctattc ctcaagctac 32040
cttcatgcca tttatattat gagatctctg ttgctattag gtatttgttce taggaatatt 32100
aaaaactggc aaaaatcaga catgaataaa agaataatga aatagtgact taaaaccacc 32160
tttttaaaat tcatatatag ttttgtgtga ataactatag gcaatcgtat aatacaaatc 32220
acagacattt tgacttgagg catttagata agacagcaga aaaaaaggga tgctgttttt 32280
ttaattttca cttatccaaa taattttatt tttgtttttc catttctatg agttcaaatg 32340
caaggctact aagattccaa atatgaagga ttcccaatgt gttataatag aagccaaact 32400
gatcaaattg aagcatgtca ggtcatcaca cttattcagt gattatatgg tgtgattatt 32460
cagataatat ttctaggtca gcccatcaaa aatgcaggct tagccccttt gaatgttttt 32520
aacaagatat aatgtgatta tcacataaaa gaccatggcc tgtaaaaaga ctggattcaa 32580
acaaataaat gagaaacagc gtacataaaa taaagccact tgtttgcctg taagaactgt 32640
aacactggct ttatacgata gcagttttta gacagagcat acttcttaaa ctttagagta 32700
tatcagaatc acctggagag cttgttaaaa tacagatttc aaggcctaat cccagagagt 32760
ctaatttttg tctactgctg ctactgatcc acaaaccata gttggggtgg cactgaccta 32820
gaatactatc acaggaatat taatgcagct agttcttctt attgtggttc atcttctggg 32880
attaatatag gtgctaaaac agctatgtgt gctctagatg gtagagaagc cacacatgct 32940
tttcectgat ttgccaatgg ttttgtattt cagttgggaa attaaaatat tgaactttca 33000
aagacttcaa atttctttca aacattggca gaaggttaac aacacagatg cttttctgge 33060
cttaggtcag atatatttac gccacacatg atgatctttg gaaactttac ccaaattact 33120
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gttgaaaatt gtttatttca gaactagggc aaccagatcc accctttgtce tcttgagtgg 33180
gagcagcttt gttttgcaaa ggcagtggct aaaaaggacc agacctttcc atcagectgtt 33240
tggtcattgt attttttagt ggaattatag cattgtacaa tatttttctt tgcagcccaa 33300
acattgagca aagccagaca tccagagatg ctaaaatgaa aaatctgttt cttcttgett 33360
tgccacttge caggtgaact ctgtcagaca ccacatccta tacatctcaa gtaaacaaaa 33420
ttatgcttaa tgtgttggca acatctgtca caaacactct tcagcctatg gcttaaatat 33480
attaagttgg agtggatttg acagtgtatt taataagtca aagttacggt tgtggatact 33540
ggctttgcca tgctaaccat aaggcttttc ttttettcett ttgtatttat ttatttatgt 33600
catatacaat acaaaagaga ttctgtagtt ttaaataagc aaagtggctg gcaaactccc 33660
cctttgetgt aggtaaccaa cactaaacct ctctaagttg tctgtcccag acaaagtatce 33720
attaagaaaa ttcatttctc ccaggagttc ctattagtta cttccagttt actccctgac 33780
tgtacatttc ttccattccc ttaagattaa aaaatttgta ttcttaataa tttgtaggat 33840
tgttttcact gaatgttttt attgaatgca aacaagactc tagattctta catatccttce 33900
cccaagaatc cttattttat tttttattta tgtgcaataa ctgatctgct tagaaagaac 33960
tgttcattta tgtgcagtaa ctggtctcct tacattattt tccactctgt gectagtgtt 34020
gctatttaca attccaatta atgataaatc ccttcecttact ttteccctttg attgtcaggt 34080
ttctggttta tacacagaag caacactcac tctatgacat ctgtaatcaa atgagtcccce 34140
aaatactgct ttcaatgaaa agattctgaa agagaccaga caattcttcc aaaattaatt 34200
ccaagtgcag gcattcgatc cttctcatca tgcatgaatt ttgattgttc tgtcacatgce 34260
tcacctacct catctgcata ttgcctttaa aaaaaacaca cccctgggga atgagacaac 34320
ctccagggta ttgagaagaa agtatcctta ccaaacgcag tttggttttt atctcectgatt 34380
tacatgaatg atcctttttg tggctagagc aagctgttta gaattgaggg gtttcectggga 34440
ttgtgacagt ttagctgcat gttggaatgt ctaagggcaa atattctaaa aagataacct 34500
gtcttgagtt caagaagaga atcgaagtct tgcagctgct aagcattaga atgttgtcaa 34560
agtaccactt tttggttgaa aaaaaaaaat gcttcaggac ttccatctta actctgaggt 34620
tattctataa tttatcccta ggtgatttaa gaagaaccct tgttcecttctt aaagtgttta 34680
cttctggtcect ggcacaacaa atacctgaaa tgaaggccag taagtatttt ttaaaaaagg 34740
aaaacaataa agatggtttt gttaaaaaga ttcaggcagc agaaagaaaa gtgatgtgtc 34800
tctgaattat aattaagtaa aagcttatct tatgtttcte atttaagagg catcctgatg 34860
aatgacaatg cacagaagca tcgagaaatt caaacaacac aaatgcacaa ttgtgtatat 34920
ttacaagcta cagaccttta aaataacaga catgttttct gattgattcc tactgaaaag 34980
cctaaatgtce tttgtgaaca aagctggccce tgtatatcaa gcatttccaa atatttgget 35040
caatttctat tatctctgaa aattaatggg gaggagccca cagagaaggc agagtgatag 35100
cctgatcettt ttcacagata tagtcaggaa gttgaatttc gataatacca ggaagaattg 35160
cttagtttga gcaaaagcat tttaggaaac gcgcagtggg taattagttt gggtgccgag 35220
atctggccat ctacatgcat ctgtccagtg agaaaaataa tgtttaggga aataatttat 35280
tcagatacat aatcatttga tcataactga gtatttaaat gggttgttat aaaatatgtt 35340
tctactttta tcacaatctt taaataaaca ttgaaattat atactctcaa agattccatc 35400
caattcaagc tttttaagtt tgttttttaa aaatattttt ccttctccaa gttaattact 35460
gcaaggaaag tagcagggta gagaaagaga aatggaagga taaaatgact tagctccatt 35520
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cttcactcac catatgacac tttgcatatg gatggaagtt ttttaaaatg tctgtaattt 35580
cttttatcce caacaatgat aataaatcaa aagacatatt ctagacatcc acttttctta 35640
acatctgatt taaaagttga cacttttatt tttaaaaaaa aattgtggat ggacataaaa 35700
atttgaccag ctctaacaga gtttggtatt ctgtcttgtg tctaaaatat agatagatag 35760
aaaacaggtc aaaaggttag gaggaaaaca aatgggaaat agtaatttcg atttttagat 35820
tatcaatgat agattttaat atgtccttca aagagatcca gttcagaaac ccatgtgggce 35880
cagcattatc cctcttagtg gtagattgta ttggggtgac taagaattat gtatgtatta 35940
ataagtaata gataaatgac ataaaccaag tcttatcaaa taacaagaaa attagagaat 36000
ttccactaat gttcatatgt ttcagtcaga gaagtttata tttagaacag tgggcaagag 36060
gatatagatg attttcaata cattctacct caaaaaatga aaatgtaagt gacatatttt 36120
agacacatca caggtaaatt acctcagaag aaaggaagat gttaatgcca tctattcaga 36180
caagcacaaa atgacatgaa tggacataaa aattatatac agttgaattt agccttttta 36240
gtaaaaaagt aaaaacattt gatgttcaca catttacaat ttacagtgtt tatttgtaag 36300
aagtctecctt ccttgtagga tatattttca aatggacatt gtatatgctt gtagggtgcet 36360

What is claimed is:

1. A method of treating a human subject suffering from
osteoporosis, comprising determining, from a nucleic acid
sample from the subject, whether the subject carries single
nucleotide polymorphism rs17024608 wherein A is substi-
tuted by G, where if the polymorphism is present, the subject
is at increased risk for developing bisphosphonate-related
osteonecrosis of the jaw relative to a subject that does not
carry the polymorphism; and either (i) where the subject
carries the polymorphism, treating the subject with an
osteoporosis therapy that is an alternative to bisphosphonate
treatment and not treating the subject with a bisphosphonate
agent or (ii) where the subject does not carry the polymor-

30

phism, treating the subject with an osteoporosis therapy that 40

is a bisphosphonate agent.

2. The method of claim 1, where the osteoporosis therapy
that is an alternative to bisphosphonate treatment is calcium
supplementation.

3. The method of claim 1 where the bisphosphonate agent
is selected from the group consisting of alendronate, etidr-
onate, ibadronate, risedronate, pamidronate and zoledronic
acid.

4. The method of claim 1 where the bisphosphonate agent
is selected from the group consisting of pamidronate and
zoledronic acid.

5. The method of claim 1 where the bisphosphonate agent
is zoledronic acid.



